PARK IsSUEs

During the late 1880s when the Army
administered Yellowstone National Park,
the U.S. Fish Commission (a predecessor of
today’s U.S. Fish and Wildlife Service)
stocked non-native fish in some park waters.
These stockings comprise the first known,
deliberate introductions of non-native fish
to Yellowstone. Four trout species were
widely introduced—brook, brown, lake,
and rainbow. Rainbow trout hybridize with
native cutthroat trout, thus diluting genetic
diversity. All four compete with and prey
upon native fish.

Other invasive aquatic species—New
Zealand mud snail and the microorganism
causing whirling disease—probably arrived
via unaware boaters and anglers carrying the
organisms from other fishing locations
around the country.

Angler and boater introduction of aquatic invasive species remains
a serious threat to Yellowstone’s aquatic ecosystem because exotic
aquatic species occur in waters all across the United States. We
may never know exactly how whirling disease or mud snails were

Aquatic
Invaders

The Issue
Aquatic invaders can irreversibly
damage the park’s ecosystems.

Current Status

¢ In the U.S. currently, more than
250 exotic (from another conti-
nent) aquatic species and more
than 450 non-native (moved out-
side their natural range) aquatic
species exist.

¢ At least 6 invasive aquatic species
exist in Yellowstone's waters:
1 mollusk
4 fish
1 exotic disease-causing

microorganism (whirling)

¢ Park staff continues to educate

visitors about preventing the

spread of aquatic invasive species.

Clean, Inspect, Dry!

Read and follow the instructions

provided in the fishing regulations,

which include:

* Remove all plants, animals, mud,
sand, and other debris from your
boat and equipment.

¢ Do not dump water from other
sources into Yellowstone waters.

¢ Drain your boat bilge area, live
well, and other compartments
away from park waters.

¢ Dry all equipment in the sun for
5 days or use high-pressure, hot
(>140°F) water (available at car
washes outside the park) to clean
your boat, trailer, waders, and
equipment.

introduced to the park’s waters, but anglers can help prevent other West

species from arriving.

For this reason, Yellowstone is publicizing this issue through a
brochure and other information available to anglers and boaters in
the park. The park’s efforts join those of other agencies around the
country working to protect the nation’s aquatic ecosystems.

Mud Snails

About one-quarter inch long (photo below), the New Zealand

mud snail forms dense colonies on aquatic vegetation and rocks
along streambeds. The snails crowd out native aquatic insect
communities, which are a primary food for fish. They also consume
a majority of algae growth in park streams, which is a primary food
for native aquatic invertebrates. Strategies for dealing with this

invader are being developed.
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Aquatic
Invaders:
Lake Trout

Lake Trout

Non-native lake trout in Yellowstone
Lake threaten the survival of native
Yellowstone cutthroat trout and
species that depend on if.

H|story/ Background
¢ During the time the park stocked
fish, lake trout were introduced to
Lewis and Shoshone lakes.

¢ In 1994, an angler caught the first
verified lake trout in Yellowstone
Lake.

¢ Lake trout probably were intro-
duced into Yellowstone Lake
several decades ago.

¢ One mature lake trout can eat
approximately 41 cutthroat trout
per year.

¢ The cutthroat trout population
in Yellowstone Lake could fall to
10% of historic highs.

* Many wildlife species, including
the grizzly bear and bald eagle,
may depend on the cutthroat
trout for a portion of their diet.

¢ Most predators can't catch lake
trout because the trout live in
deep water, spawn in the lake,
and are large.

Current Status

¢ Gill-netting by fisheries staff has
removed almost 450,000 lake
trout since the mid-1990s.

* Recreational anglers catch approx-
imately 9,000 lake trout each year.

¢ |n 2009, YNP contracted with a
commercial gill-netting company
to increase the catch of lake trout.

Outlook

With continued aggressive control
efforts, fisheries managers expect to
reduce lake trout numbers and

lessen impacts to cutthroat trout.

About the photo:
Erinn Hasselgren
holds up the largest
lake trout caught in
Yellowstone Lake so
far. Erinn is a
volunteer with the
Student Conservation
Association, www.
thesca.org
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The lake trout is a large and aggressive
predatory fish that can decimate cutthroat
trout populations in Yellowstone Lake. If
this happens, the impacts will reach far
beyond the cutthroat trout population; it
could be be an ecological disaster.

Hydroacoustic work (using sonar-based fish
finders) confirmed lake trout concentra-
tions in the western portion of Yellowstone
Lake. These surveys also revealed medium-
sized (12-16 inches) lake trout tended to
reside in deeper water (greater than 130
feet) than Yellowstone cutthroat. Now biol-
ogists can more easily target lake trout with-
out harming cutthroat trout. Hydroacoustic
data also provides minimum abundance
estimates of both cutthroat and lake trout,
which is invaluable information for long-
term evaluation of control efforts.

Controlling Lake Trout

Lake trout gill-netting begins as ice is leav-
ing the lake and continues into October.
Since the mid-1990s, almost 450,000 lake
trout have been caught. Gill net operations
also provide valuable data —numbers, age

structure, maturity, and potential new
spawning areas—leading to more effective
control. For example, scientists have
discovered lake trout spawning areas.

Anglers contribute to lake trout manage-
ment—they are encouraged to fish for lake
trout, and are required to kill all lake trout
caught in Yellowstone Lake and its tributar-
ies. They have the most success in catching
lake trout 15-24 inches long, which are
found in shallow, near-shore waters in June
and early July. Anglers have taken approxi-
mately 30 percent of the lake trout removed
from Yellowstone Lake.

Cutthroat trout comprise about 80 percent
of a mature lake trout’s diet. Biologists esti-
mate 41 cutthroat trout are saved each year
for every mature lake trout caught.

Increasing Suppression

In August 2008, a scientific review panel
overwhelmingly agreed that the Yellowstone
Lake cutthroat trout population is in serious
trouble, but that suppression efforts could
restore this population to healthy levels.
They believe very little time remains to turn
the situation around, and recommended
park managers increase lake trout removal.
To accomplish this, the park contracted
with a commercial gill-netting company to
increase the take of lake trout. In 2009,
working cooperatively with NPS crews, they
removed over 14,000 additional lake trout
from Yellowstone Lake during June. In 2010,
the park expects to expand commercial gill-
netting and to test deep-water trap nets that
have been successful in other large lakes.

Lake trout probably can’t be eliminated
from Yellowstone Lake. However, ongoing
management of the problem can control
lake trout population growth and maintain
the cutthroat trout population, which is a
critical ecological link between Yellowstone
Lake and its surrounding landscape.
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In 1998, whirling disease was detected in
Yellowstone’s cutthroat trout. This disease
is caused by a non-native microscopic para-
site that can infect trout and salmon; it does
not infect humans. The parasite attacks the
developing cartilage of fish between 1-6
months old and causes deformities of the
bony structures. An infected fish may have a
deformed head and tail, blackened areas of
the tail, and whirling swimming behavior.
It may be unable to feed normally and is
vulnerable to predation.

Studying the Disease

Yellowstone National Park’s cutthroat trout
spawning streams, which vary widely in
thermal, hydrological, and geological char-
acteristics, provide an exceptional opportu-
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Whirling Disease

Whirling disease is caused by a
parasite attacking the developing
cartilage of young fish, resulting in
skeletal deformities and sometimes
whirling behavior. Affected fish can-
not feed normally and are vulnera-
ble to predation.

History/Background

¢ The disease was first described in
Europe more than 100 years ago.
It was detected in the U.S. in the
mid-1950s, and in Yellowstone in
1998.

¢ [t most likely came to the U.S. in
frozen fish products.

* Whirling disease has been con-

firmed in 26 states and appears to
be rapidly spreading throughout
the western United States.
* Recent laboratory tests suggest
cutthroat trout are highly sus-
ceptible. Lake trout and grayling
appear immune to the disease,
and brown trout are resistant, but
can be infected and can carry the
parasite.
o There is no treatment.

Current Status
o Testing for whirling disease
continues throughout the park.
¢ Pelican Creek's migratory cut-
throat trout population is almost
gone.

nity to study whirling disease in native
trout. Park staff have been working with

Montana State University’s Department of
Ecology to measure how the infection rate
might vary in different stream conditions.
They are also investigating if certain fish-
eating birds help to disperse the parasite.
Research has shown that the parasite can
pass through the gastrointestinal tract of
some birds, such as great blue herons, and
remain alive.




No effective treatment exists for wild trout
infected with this disease or for the waters
containing infected fish. Therefore, the
park is emphasizing prevention by educat-
ing people participating in water-related
activities—including anglers, boaters, or
swimmers—to take steps to help prevent the
spread of the disease. This includes thor-
oughly cleaning mud and aquatic vegetation
from all equipment and inspecting footwear

Aquatic
Invaders

page 155 and instructions in the park’s fishing
regulations.) Anglers should not transport
fish between drainages and should clean
fish in the body of water where they were
caught.

before moving to another drainage. (See

Remember: CLEAN, INSPECT, DRY!

Zebra mussels (@above) clog water
intakes, crowd out bottom inverte-
brates, and reduce lake productivity.

Not shown: three zooplankton species
that can displace native zooplankton
that are important food for cutthroat
trout. These exotic zooplankton have
long spines, which make them difficult
for young fish to eat.
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More Invaders on Their Way

Several exotic aquatic species are spreading through the United
States, among them the species shown here. Fisheries biologists
believe they are moving toward Yellowstone. Their arrival might be
avoided if anglers remember:

« Itisillegal to use any fish as bait in Yellowstone National Park.

It is illegal to transport fish among any waters in the Yellowstone
region.

« Itisillegal to introduce any species to Yellowstone waters.

 To clean all of their gear properly. (See page 155.)

Eurasian water-milfoil

Eurasian water-milfoil (below) has spread to 46 of the 48 contigu-
ous United States. In 2007, it was found in Montana. Wyoming and
Maine are the only states still free of this aquatic invader.

This exotic aquatic plant lives in calm waters such as lakes, ponds,
and calm areas of rivers and streams. It grows especially well in
water that experiences sewage spills or abundant motorboat use,
such as Bridge Bay.

Eurasian water-milfoil colonizes via stem fragments carried on
boating equipment, which is another reason why boats should be
thoroughly cleaned, rinsed, and inspected before entering
Yellowstone National Park.




During its first century, Yellowstone
National Park was known as the place to see
and interact with bears. Hundreds of people
gathered nightly to watch bears feed on
garbage in the park’s dumps. Enthusiastic
visitors fed bears along the roads and
behaved recklessly to take photographs.

Beginning in 1931, park managers recorded
an average of 48 bear-inflicted human
injuries and more than 100 incidents of
property damage each year in Yellowstone.

In 1960, the park implemented a bear
management program—directed primarily
at black bears—designed to reduce the num-
ber of bear-caused human injuries and
property damages and to re-establish bears
in a natural state. The plan included
expanding visitor education about bear
behavior and the proper way to store food
and other bear attractants; using bear-proof
garbage cans; strictly prohibiting feeding of
bears; and removing potentially dangerous
bears, habituated bears, and bears that
damaged property in search of food.

After 10 years of this program, the number
of bear-caused human injuries decreased
only slightly, to an average of 45 each year.
Consequently, in 1970, Yellowstone initiated
a more intensive program that included
eliminating open-pit garbage dumps inside
the park. The long-term goal was to wean
bears off human food and back to a natural
diet of plant and animal foods.

Drs. John and Frank Craighead, who were
brothers that had studied grizzly bear ecolo-
gy since 1959, predicted bears would range
more widely and come into more conflict
with humans. This indeed occurred in the
first three years when an annual average of
38 grizzly bears and 23 black bears were
moved to backcountry areas, and an annual
average of 12 grizzly bears and 6 black bears
were removed from the population. After

Issues:
Bear
Management

§ Bear Management

Feeding Bears

¢ Late 1880s: Bears begin gather-
ing at night to feed on garbage
behind park hotels.

* 1910: First incidents of bears seek-
ing human food along park roads.

¢ 1916: First confirmed bear-caused

¢ All garbage cans in the park
convert to a bear-proof design.

* Garbage dumps close within and
adjacent to the park.

Current Status

¢ Decrease in human injuries from
45 injuries per year in the 1960s to
1 injury per year in the 2000s.

human fatality. o Decrease in property damage

Early Management claims from 219 per year in the
* 1931: Park begins keeping detailed 1960s to an average of 15 per year

records of bear-inflicted human in the 200.05'
injuries, property damage, and ¢ Decrease in number of bears that

; must be killed or removed from
OISO e e pTom 33k s
inflicted human injuries and 4 grizzlies per year in the 1960s to
more than 100 incidents of prop- an average of 0.34 bIack'bear and
erty damage occurr annually in 0.2 grizzly bear per year in the

Yellowstone. 2000s.

) ¢ Decrease in bear relocations away
Changes in Management from the front country from more
* 1970: Yellowstone implements a than 100 black bears and 50 griz-

new bear management program

, zlies per year in the 1960s to an
to restore bears to subsistence on average of 0.4 black bear and 0.6
natural foods and to reduce prop-

142 [ grizzly bear per year in the 2000s.
erty damage and human injuries.

o Strictly enforcing regulations
prohibiting the feeding of bears
and requiring proper storage of
human food and garbage.

For details about grizzly bear
management, see the next page.

1972, though, the number of bear-human
conflicts decreased to an annual average of
10 each year. Bear removals also decreased.

In 1983, the park implemented a new grizzly
bear management program that emphasized
habitat protection in backcountry areas.
The park established “bear management
areas” that restricted recreational use where
grizzly bears were known to concentrate.
The goals were to minimize bear-human
interactions that might lead to habituation
of bears to people, to prevent human-caused
displacement of bears from prime food
sources, and to decrease the risk of bear-
caused human injury in areas with high
levels of bear activity. This program

continues tod ay. Yellowstone Resources
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Bear
Management:
Grizzly

The Issue
The grizzly bear was listed as a threatened species in 1975, which required
recovering the species to a self-sustaining population.

History

1993: A recovery plan is implemented with three specific recovery goals that
have to be met for six straight years.

2000: The Draft Conservation Strategy for the Grizzly Bear in the Greater
Yellowstone Ecosystem is completed.

2000-2002: Public comment periods included meetings held in Montana,
Wyoming, and Idaho; total number of comments: 16,794.

2002: The Conservation Strategy is approved; will be implemented when the
grizzly is removed from threatened species list.

2003: The recovery goals are met for the sixth year in a row.

2005: The USFWS proposes removing the grizzly bear from threatened
species list.

2006: The Grizzly Bear Recovery Plan is modified to update methods of
estimating population size and sustainable mortality.

2007: The grizzly bear population in the Greater Yellowstone Ecosystem is
removed from the threatened species list and the Conservation Strategy is
implemented.

2009: The population is returned to the threatened species list; manage-
ment continues under the 2006 revision of the recovery plan.

On July 28, 1975, under the authority of the
Endangered Species Act (ESA), the U.S. Fish
and Wildlife Service (USFWS) listed the
grizzly bear in the lower 48 states as threat-
ened under the Endangered Species Act, in
part, because the species was reduced to
only about two percent of its former range
south of Canada. Five or six small popula-
tions were thought to remain, totaling 800
to 1,000 bears. The southernmost—and
most isolated—of those populations was in
greater Yellowstone, where 136 grizzly bears
were thought to live in the mid-1970s. The
goal of ESA listing is to recover a species to
self-sustaining, viable populations that no
longer need protection.

Status &
Management

To achieve this goal, federal and state
agencies:

« Stopped the grizzly hunting seasons in the
Greater Yellowstone Ecosystem.

« Established the Yellowstone grizzly bear
recovery area (Yellowstone National Park,
John D. Rockefeller, Jr. Memorial Park-
way, portions of Grand Teton National
Park and national forests surrounding

Yellowstone Resources
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Yellowstone, Bureau of Land Management
lands, and state and private lands in Idaho,
Montana, and Wyoming).

+ Began the Interagency Grizzly Bear Study
Team (IGBST) to coordinate bear manage-
ment among the federal agencies and state
wildlife managers; the team monitors bear
populations and studies grizzly bear food
habits and behavior.

+ Established the Interagency Grizzly Bear
Committee (IGBC) to increase communi-
cation and cooperation among managers in
all recovery areas, and to supervise public
education programs, sanitation initiatives,
and research studies.

+ Developed and implemented a recovery
plan and a conservation strategy.

On the List =
The Grizzly Bear Recovery Plan

The Grizzly Bear Recovery Plan was estab-
lished in 1993 and revised in 2006. It has
four demographic and sustainable mortality
goals, listed on the next page, for grizzly
bears in the Greater Yellowstone Ecosystem
(GYE). This plan guides management when
the grizzly is on the threatened species list.
When the grizzly is off that list, as it was
recently, managers follow the Conservation
Strategy, as described next.

Off the List =
The Grizzly Conservation Strategy

Bear managers use the conservation
strategy when the grizzly is off the threat-
ened species list. It is the long-term guide
for managing and monitoring the grizzly
bear population and assuring sufficient
habitat to maintain recovery. It emphasizes
coordination and cooperative working
relationships among management agencies,
landowners, and the public to ensure public
support, continue application of best
scientific principles, and maintain effective
actions to benefit the coexistence of
grizzlies and humans. It incorporates exist-
ing laws, regulations, policies, and goals.



Population Objectives

1 Estimated percent of total mortality of
independent aged females not to exceed 9%.

2 Estimated percent of total mortality of
independent aged males not to exceed 15%.

3 Estimated percent mortality from human

4 Demographic objective of 48 females
producing cubs annually.

causes for dependent young not to exceed 9%.

Grizzly Bear Recovery Plan: New Population Monitoring Criteria

Was the objective achieved?
05 06 07 08 09
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Flexibility in the Strategy

* Grizzly/human conflict management and
bear habitat management are high priori-
ties in the recovery zone, which is known
as the Primary Conservation Area (PCA).
Bears are favored when grizzly habitat and
other land uses are incompatible; grizzly
bears are actively discouraged and con-
trolled in developed areas.

« State wildlife agencies have primary
responsibility to manage grizzly bears out-
side of national parks, including bears on
national forests; national parks manage
bears and habitat within their jurisdictions.

+ The grizzly bear population will be
sustained at or above 500 bears in the
Greater Yellowstone Ecosystem.

« State and federal wildlife managers will
continue to monitor the grizzly population
and habitat conditions using the most
feasible and accepted techniques.

+ Managers will remove nuisance bears
conservatively and within mortality limits
outlined above, and with minimal removal
of females; they will emphasize removing
the human cause of conflict rather than
removing a bear.

+ Outside the PCA, states develop manage-
ment plans, with input from affected
groups and individuals, that define where
grizzly bears are acceptable.

Current Status & Outlook

Scientists and managers believe the grizzly
population has grown robustly since 1986.
Grizzlies are raising cubs in nearly all por-
tions of the recovery area, and cub survival
is high. They are also dispersing into new
habitat. Of the estimated 579 grizzlies
estimated to live in the area, approximately
150 have home ranges wholly or partially in
Yellowstone National Park. Other bears
range south into the Wind River Range,
north through the Gallatin Range, and east
of the Absarokas onto the plains.

For these reasons, the Yellowstone grizzly
population was removed from the threat-
ened species list in 2007. This decision was
challenged in several courts, and some cases
are pending.

In 2009, U.S. District Judge Donald Molloy
returned the grizzly to the federal threat-
ened species list, saying the Conservation
Strategy was not enforceable and insuffi-
ciently considered the impact of climate
change on grizzly food sources. The USFWS
is considering whether or not to appeal the
decision. However, the Department of
Justice makes the final decision on filing
appeals.

Meanwhile, management of the bears in the
GYE changes little whether it is listed on the
threatened species list or not. Scientists

will continue to monitor the long-term
recovery goals for grizzly bears and strive to
ensure the criteria are met.

Bear
Management:
Grizzly
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Issues:

Bioprospecting

& Benefits-
sharing

The Issue

Should researchers who study mate-
rial obtained under a Yellowstone
National Park research permit be
required to enter into benefits-
sharing agreements with the
National Park Service before using
their research results for any
commercial purpose?

Definitions

Bioprospecting is the search for use-
ful scientific information from
genetic or biochemical resources.
It does not require large-scale
resource consumption typical of
extractive industries associated
with the term “prospecting,” such
as logging and mining.

Benefits-sharing is an agreement
between researchers, their insti-
tutions, and the National Park
Service that returns benefits to
the parks when results of research
have potential for commercial
development.

History

1966: The microorganism Thermus
aquaticus is discovered in a
Yellowstone hot spring.

1985: An enzyme from T. aquaticus,
which is synthetically reproduced,
contributes to the DNA finger-
printing process that has earned
hundreds of millions of dollars for
the patent holder.

1997: The park signs a benefits-
sharing agreement with Diversa
Corporation, ensuring a por-
tion of their future profits from
research in Yellowstone National
Park will go toward park resource
preservation.

1999: A legal challenge puts on hold
implementation of this agree-
ment until an environmental
analysis (EA or EIS) is completed.

2006: Draft EIS released.

2009: Final EIS completed.

Current Status

o The final EIS is complete. Early in
2010, the NPS will decide whether
or not to implement benefits-
sharing.

o Each year, approximately 40
research permits are granted to
scientists to study microbes in
Yellowstone. Research permits
are only granted for projects that
meet stringent park protection
standards.

* Research microbiologists con-
tinue to find microorganisms in
Yellowstone that provide insights
into evolution, aid in the search
for life on other planets, and
reveal how elements are cycled
through ecosystems.

See Chapter 4, “Life in Extreme

Heat.”
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Yellowstone’s extremophiles—especially
thermophiles—have been the subject of
scientific research and discovery for more
than 100 years. One of these discoveries—of
the uses for Thermus aquaticus—has led to
scientific and economic benefits far beyond
what anyone could have imagined. Today,
several dozen scientific research projects—
sponsored by universities, NASA, and cor-
porations—are underway in the park to
investigate extremophiles. (See Chapter 4 for
more information on these life forms.) Some
of their discoveries have been used for com-
mercial purposes, which is the heart of the
benefits-sharing issue.

History

Careful scientific study of these curious life
forms began in earnest in 1966, when Dr.
Thomas Brock discovered a way to grow
one of the microorganisms living in the
extraordinarily hot waters (more than
158°F/70°C) of Mushroom Pool in the
Lower Geyser Basin. This bacterium, T.
aquaticus, proved essential to one of the
most exciting discoveries in the 20th
century.

Until the 1980s, our ability to study DNA
was limited. Things we take for granted
today such as DNA fingerprinting to identi-
fy criminals, DNA medical diagnoses, DNA-
based studies of nature, and genetic engi-
neering were unimaginable. But in 1985, the
polymerase chain reaction (PCR) was
invented. PCR is an artificial way to do
something that living things do every day—
replicate DNA. PCR is the rocket ship of
replication, because it allows scientists to
make billions of copies of a piece of DNA in
a few hours. Without PCR, scientists could
not make enough copies of DNA quickly
enough to perform their analyses. An
enzyme discovered in T. aquaticus—called
Taq polymerase—made PCR practical.
Because it came from an extremophile,

Taq polymerase can withstand the heat of
the PCR process without breaking down
like ordinary polymerase enzymes. Many
laboratory versions of this enzyme are now



used and have allowed DNA studies to be
practical and affordable.

Many other species of microbes have been
found in Yellowstone’s thermal areas since
1966. Each of these extremophiles produces
enzymes that operate under conditions too
harsh for most proteins, and a few of these
enzymes are proving to be useful.
Researchers estimate more than 99 percent
of the extremophiles present in Yellow-
stone’s hydrothermal features have yet to be
identified.

Science

Genetic studies important to medical,
agricultural, and environmental research
use hundreds of enzymes developed from
the study of microbes, like Taq polymerase.
In addition, many industrial processes
require the use of enzymes in biochemical
reactions. Because some enzymes developed
through study of extremophiles can with-
stand harsh manufacturing processes better
than inorganic catalysts, they can improve
efficiency—which saves energy. In some
cases, using enzymes also contributes to
reducing pollution.

Yellowstone’s geology provides a wide vari-
ety of high-temperature physical and chemi-
cal habitats that support one of the planet’s
greatest concentrations of extremophilic
biodiversity. Research on these extremo-
philes can contribute to further advances.

Ongoing Research

Approximately 40 research studies are being
conducted in Yellowstone on the ecological

Dr. Thomas Brock

roles and community dynamics of micro-
organisms, and how to search for traces

of similar life forms in the inhospitable
environments of other planets. Research
on park microbes also has proven useful

in producing biofuels, treating agricultural
and industrial waste, bioremediating chlori-
nated hydrocarbons, recovering oil, bio-
bleaching paper pulp, improving animal
feed, improving detergents, and a host of
other processes.

Controversy

Along with this exciting new dimension in
understanding park resources through
research, questions have been raised about
whether or not bioprospecting should be
allowed. Bioprospecting is biological
research associated with the development of
commercial products. Bioprospecting does
not require the sort of grand-scale resource
consumption required by the kinds of
extractive industries typically associated
with the term “prospecting,” such as logging
and mining. In this case, the “prospecting”
is for new knowledge. As required by law,
research is encouraged in Yellowstone if it
does not adversely impact park resources
and visitor use and enjoyment. Importantly,
only research results, i.e. information and
insight gained during research on park
specimens, may be commercialized—not the
specimens themselves. Nonetheless, some
people question the appropriateness of
allowing scientists to perform research in a
national park if they are bioprospectors.

The most famous commercial application




Bioprospecting
& Benefits-
sharing

— T

T. aquaticus as seen
through a scanning
electron microscope

i ]

More information,
including the 2000
court decision, Is at
WWwWw.nature.nps.qgov/
benefitssharing

The final EIS is at park-
planning.nps.gov:
select “Washington
Office” from the
menu and follow the
benefits-sharing links.
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for Yellowstone-related research was the
invention of the polymerase chain reaction
(PCR), discussed above. PCR generated
significant profits for Cetus Corporation,
which had patented the processes. In 1991,
Hoffman-La Roche, a Swiss pharmaceutical
company, purchased the U.S. patents for a
reported $300 million. Ten years later,
annual sales of Taq polymerase reportedly
were $100 million. Yellowstone National
Park and the United States public have
received no direct benefits even though this
commercial product was developed from
the study of a Yellowstone microbe.
Hoffman-La Roche and the researchers
acted lawfully throughout the development
and sales of Taq polymerase. At issue is
whether or not the National Park Service
(NPS) should require researchers who study
material obtained under a research permit
to enter into benefits-sharing agreements
with the NPS before using their research
results for any commercial purpose.

Benefits-Sharing

Federal legislation authorizes the National
Park Service to negotiate benefits-sharing
agreements that provide parks a reasonable
share of profits when park-based research
yields something of commercial value.
Similar agreements have been used by other
countries to allow the host nation to benefit
from commercial discoveries that depended
on its natural heritage. In 1997, Yellowstone
National Park became the first U.S. national
park to enter into a benefits-sharing agree-
ment with a commercial research firm. The
Yellowstone-Diversa Cooperative Research
and Development Agreement (CRADA)
provided that Diversa Corporation would
pay Yellowstone $100,000 over five years
(even if research resulted in no commercial-
ly valuable discoveries) and included provi-
sions of no-cost scientific analyses and labo-
ratory equipment, plus a royalty based on
any sales revenues related to results from
research in the park. The CRADA did not
authorize Diversa to collect specimens or
conduct research in the park. Permission to
conduct research can only be acquired by
applying for a research permit. In
Yellowstone, an interdisciplinary team
requires research permit applicants to abide
by strict resource protection standards.
Diversa, which had research sites around
the world, was collecting DNA samples

directly from nature and screening the
genes for the ability to produce enzymes. In
its labs, scientists spliced the most useful
genes into microbial “livestock,” and these
microbes then produced the compound or
enzyme. (Diversa has since merged with
another company to form Verenium
Corporation.) As with all NPS research
specimens, the Yellowstone microbes and
DNA collected in the park remain in federal
ownership and are never sold.

Into Court

Shortly after the Yellowstone-Diversa
CRADA was signed, opponents sued

the NPS in federal court arguing that the
policy put into play a new commercial activ-
ity and was illegal and inappropriate in
parks. In 1999, the judge ordered the NPS to
prepare an environmental analysis of the
potential impacts of benefits-sharing agree-
ments and suspended the CRADA pending
completion of the analysis. In 2000, the
court dismissed the remainder of the case,
ruling:

1) the CRADA was consistent with the NPS
mission of resource conservation; 2)
bioprospecting did not constitute a con-
sumptive use; 3) bioprospecting did not rep-
resent a “sale or commercial use” of park
resources; and 4) Yellowstone fell within the
definition of a federal laboratory and appro-
priately implemented the CRADA.

Outlook

The NPS completed a Final Environmental
Impact Statement in November 2009; it is
available on the internet. (See at left.) In
early 2010, the NPS is expected to decide
whether benefits-sharing should be imple-
mented in national parks nationwide.

The study of natural resources has long
been a source of knowledge that benefits
humanity. For example, more than half of
the pharmaceuticals used in the United
States contain at least one major active com-
pound derived from or patterned after natu-
ral compounds. As global biodiversity
declines, national parks and other preserves
become increasingly important as sources of
genetic diversity for scientific study to dis-
cover knowledge to develop new solutions
to the problems faced by humanity.



About Brucellosis

Brucellosis, caused by the bacterium
Brucella abortus, can cause pregnant cattle,
elk, and bison to abort their calves. It is
transmitted primarily when uninfected,
susceptible animals come into direct contact
with infected birth material. No cure exists
for brucellosis in wild animals. All cattle
that use overlapping ranges with bison are
vaccinated for brucellosis when calves, as
are bison calves and yearlings released after
capture.

Although rare in the United States, humans
can contract brucellosis by consuming
unpasteurized, infected milk products or
contacting infected birth tissue. It cannot be
contracted by eating cooked meat from an
infected animal. In humans, the disease is
called undulant fever. Since the advent of
milk pasteurization, people in developed
countries have virtually no risk of contract-
ing the disease. And if they do, they can be
treated with antibiotics.

Brucellosis was discovered in Yellowstone
bison in 1917. They probably contracted the
disease from domestic cattle raised in the
park to provide milk and meat for visitors.
Now about 50 percent of the park’s bison
test positive for exposure to the brucella
organism. However, testing positive for
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About half of Yellowstone's

bison test positive for exposure to
brucellosis, a disease that can cause
bison and domestic cattle to abort
their first calf. Because Yellowstone
bison migrate into Montana, their
exposure to brucellosis concerns the
state’s cattle industry.

History/Background

(See also timeline on pages 166-167)

¢ Bison probably contracted brucel-
losis from cattle raised in the park
to provide milk and meat for park
visitors in the early 1900s.

¢ Brucellosis has little impact on the
growth of the bison population.

¢ The disease may be contracted by
contact with infected tissue and
birth fluids of infectious cattle or
bison that are shed at the end of
pregnancy.

¢ The human form of the disease,
called undulant fever, is no longer
a public health threat in the U.S.

¢ Avaccine used in cattle, RB51, is
being used for Yellowstone bison.

¢ Bison have not been known to
transmit brucellosis to cattle
under natural conditions although
transmission has occurred in
captivity.

¢ The state of Montana, like other
states, has spent much time,
effort, and money attempting to
eradicate brucellosis in cattle.

o Elk in the greater Yellowstone
area also carry brucellosis.

Current Status

¢ The bison management plan in
effect since December 2000 has
been revised.

* Bison are now tolerated outside
the west boundary until May 15.

¢ A large herd of cattle on the
north boundary has been
removed, opening that area to a
few bison in winter.

o A few tribes are conducting
bison hunts north of Yellowstone
according to their 1855 treaties
with the United States.

Agencies Involved

National Park Service (NPS)

Animal Plant Health Inspection
Service (APHIS)

U.S. Forest Service (USFS)

Montana Department of Livestock
(DOoL)

Montana Department of Fish,
Wildlife & Parks (FWP)

brucellosis to cattle under natural condi-

tions, in part because management strate-
gies prevent bison from commingling with
cattle.

exposure (seropositive) does not mean the
animal is infectious and capable of trans-
mitting brucellosis. (For example, people
who received smallpox immunization dur-
ing their childhood will test positive for
smallpox antibodies even though they are
not infected with the disease and cannot
transmit it.) Research indicates less than
half of seropositive female bison are infec-
tious at the time of testing. Male bison do
not transmit the disease to other bison.
(Transmission between males and females
during reproduction is unlikely because of
the female’s protective chemistry.) Bison
have a very low probability of transmitting

Park managers face numerous uncertainties
about how to best manage and preserve
bison while addressing the issue of
brucellosis-infected wildife in the greater
Yellowstone area. In the absence of data to
describe bison-brucella interactions,
assumptions are based on the best available
information. Studies conducted on cattle
and brucella offer clues to how the disease
may function in bison. Current information
shows both species exhibit very similar clin-
ical signs of brucellosis infection and very
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Unusually severe winter.
More than 1,000 bison shot

—_ —_ —_ — —
\O \O O O Nl
[ore] 2] \O Nel \O
W el (e (9] N
Montana Montana ends hunt Interim
receives due to public outcry. Bison
brucellosis-free NPS prepares EA Manage-
status, begins enabling park staff to ment Plan
public hunts haze and shoot bison begins.
for bison. outside the park.
Almost 600 bison Montana files lawsuit
killed in public against NPS; settlement
hunt. requires EIS preparation.

similar methods for transmitting the disease
to other individuals. However, a scientific
review of published and unpublished data
indicates bison differ from cattle in their
response to vaccines and possibly to stan-
dard testing for the disease. In addition, the
majority of elk in the greater Yellowstone
area have a brucellosis exposure rate up to 3
percent; but elk that use feed grounds in
Wyoming outside of Yellowstone National
Park show exposure rates up to 35 per-

cent. This disease reservoir may be a brucel-
losis transmission risk to bison. Studies are
being conducted on wild bison to better
understand the bison-brucella relationship,
and to study these other questions.

Cattle-Bison Conflicts

Federal and state agencies and the livestock
industry have spent much time and money
to eradicate brucellosis from cattle. States
accomplishing this task receive “brucellosis
class-free” status and can export livestock
without restrictions and costly disease test-
ing. Under current regulations, brucellosis
infections in two cattle herds would down-
grade a state’s status and adversely affect the
finances of ranchers. When one cow in a
cattle herd becomes infected with brucello-
sis, the herd is quarantined and may be
slaughtered to eliminate the infection.
Federal and state indemnity funds partially
compensate the livestock producer for this
loss.

Montana first attained class-free status in
1985, and retained it until 2008. Cattle on
two ranches had become infected and the
state was downgraded to class-A status.
There is a minimum one year time period
before class-free status can be regained.
Following a scientific review of the risk
and extensive testing of cattle close to the
infected herds, the U. S. Department of
Agriculture re-classified Montana as
brucellosis free in 2009.

Because of concern over losing brucellosis
class-free status, livestock regulatory agen-

or shipped to slaughter.
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94 bison died in No bison die in manage-

management ment actions.
actions. August: Almost 8,000 acres
Draft EIS released.  winter wildlife habitat

Receives 67,500+
public comments.

acquired by federal govern-
ment or put under ease-
ment.

December: Federal agencies
withdraw from agreement
with Montana to produce
an EIS.

cies recommend an aggressive strategy for
managing wildlife to achieve the goal of
brucellosis eradication in the greater
Yellowstone area. A National Academy of
Sciences review panel suggested that brucel-
losis eradication is not possible in wildlife
with the current technology. The panel rec-
ommended managing bison and livestock to
minimize interspecies transmission risks.
Keeping bison and livestock separated is a
key part of the Interagency Bison Manage-
ment Plan (IBMP; described on page 168).

Vaccinating cattle and bison is another
important component of the IBMP. RB51 is
a brucellosis vaccine safe for bison calves,
yearlings, and adult males. Unlike other
brucellosis vaccines, animals vaccinated
with RB51 will not test positive for brucello-
sis on the standard battery of diagnostic
tests. Vaccination of some Yellowstone
bison began in spring 2004; it is limited to
calves and yearlings captured at the bound-
ary and then released back into the park.

Developing a Long-term
Management Plan

In 1985, the year that Montana first received
brucellosis class-free status, the state began
a public hunt along the north and west
boundaries to keep bison out of the state.
After 569 bison were killed in the winter of
1988-89, nationwide criticism over how the
hunt was conducted caused the state to stop
the hunt.

In 1989, the state of Montana, Yellowstone
National Park, and Gallatin National Forest
agreed to develop a long-term management
plan to cooperatively manage bison. While
they were preparing this plan, Montana
needed an interim management plan to pro-
tect private property, provide for human
safety, and protect the state’s brucellosis
class-free status. A 1990 management plan
provided for limited NPS management of
bison through hazing, monitoring, and
shooting outside of park boundaries. In
1992, the partners added the federal Animal
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FWP & APHIS open quarantine facility;
several dozen bison calves taken from
Yellowstone for project. DOL & APHIS begin
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Plant Health Inspection Service (APHIS) to
to the planning process. Developing the
long-term management plan was a difficult
process because of a wide variety of agency
perspectives and missions and would take
many years to resolve these differences.

Lawsuit & Interim Management Plan

In January 1995, the state of Montana sued
the NPS and APHIS because the federal
agencies were asking the state to implement
conflicting management actions. The NPS
wanted more tolerance for bison on winter
range outside the park; APHIS threatened
the state with losing its brucellosis class-free
status if bison from an infected population
(i.e. Yellowstone) ranged free in Montana.
In the settlement, APHIS agreed not to
downgrade Montana’s status if bison
migrated from Yellowstone into Montana as
long as certain actions were taken, including
completing the long-term management plan.
The partners also agreed on another interim
management plan.

The 1996 interim plan called for the NPS to
build a bison capture facility inside
Yellowstone National Park at Stephens
Creek, near the northern boundary. All cap-
tured bison would be tested for brucellosis;
seropositive animals would be shipped to
slaughter. Any bison migrating north of the
park into the Eagle Creek/Bear Creek area
would be monitored and not captured. The
Montana Department of Livestock (which,
in 1995, had been given the lead authority to
manage bison in Montana) was to capture
all bison migrating out of the park at West
Yellowstone and test them for brucellosis.
All seropositive bison and pregnant females
would be sent to slaughter. Other seronega-
tive bison would be released on public land.
The state could shoot any untested bison in
the West Yellowstone area that couldn’t be
captured.

This plan began during the winter of 1996—
97, the most severe winter since the 1940s.
Hundreds of bison migrated across the
north and west boundaries. By the end of
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Approximately 2.000 bison
removed, mostly by man-
agement actions, plus large
number of deaths in winter.
August: State and federal
agencies begin revising the
management plan.
December: Revisions to plan
announced, more bison will
be tolerated outside both
boundaries in winter.

v

Approximately 1,000
bison removed from
Yellowstone through
management actions,
transfer to quarantine,
or hunting.

the winter, 1,084 bison had been shot or sent
to slaughter. Bison management again
became the focus of nationwide debate
about how to conserve this population of
bison and yet tackle the percieved threat of
brucellosis transmission to livestock near
the park.

Ongoing Environmental Analysis

A draft EIS describing the impacts of seven
alternatives for management of Yellowstone
bison was released in 1998. The draft plan
received more than 67,500 public comments.

While attempting to settle on the final
management strategy, the agencies reached
an impasse and the federal agencies with-
drew from the agreement to produce a
long-term management plan. The state once
again sued. The judge’s opinion noted that
the federal agencies had the authority to
complete a management plan without the
state’s concurrence, but recognized that

the success of a long-term bison manage-
ment plan required collaboration between
the state and the federal agencies. The
agencies subsequently agreed to use a court-
appointed mediator to help find common
ground in managing bison. The resulting
Final Environmental Impact Statement for
the Interagency Bison Management Plan for
the State of Montana and Yellowstone
National Park was released in August 2000.

Bison
Management

The last public hear-
ing on the draft EIS,
held in Minneapolis,
MN, was preceded by
a rally organized by
area tribes.
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Bison
Management
Objectives

* Maintain genetic
integrity of the
bison population.

e Maintain a wild,
free-ranging
bison population.

« Maintain and
preserve the
ecological func-
tion that bison
provide in the
Yellowstone area,
such as their role
as grassland
grazers and as a
source of food for
carnivores.

« Lower brucel-
losis prevalence
because it is not a
native organism.
Reduce risk of
brucellosis trans-
mission from
bison to cattle.
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After a public comment period and slight
modifications to the plan, the federal gov-
ernment and the state of Montana released
separate Records of Decision in December
2000 describing the negotiated settlement.

The Interagency Bison
Management Plan (IBMP)

The Interagency Bison Management Plan
(IBMP) identified two common goals: 1)
maintain a wild, free-ranging bison popula-
tion and 2) prevent transmission of brucel-
losis from bison to cattle surrounding
Yellowstone National Park. Because so
much uncertainty remained about how to
achieve these goals, the IBMP uses adaptive
management, which allows for modifying
the plan as scientists and managers learn
more about bison behavior and migration,
and about brucellosis.

The IBMP allows progressively greater
tolerance for bison outside Yellowstone in
three phases:

Step One: Up to 100 sero-negative bison can
occupy one management area outside the
west boundary, November to mid-May.

Step Two: Up to 100 sero-negative bison can
be outside the north boundary from
November to mid-April once cattle no
longer graze on the Royal Teton Ranch
during the winter (initiated March 2008).

Step Three: Up to 100 untested bison can be
in both of these defined management areas
during winter.

During all steps, the Eagle Creek/Bear
Creek area outside the north boundary
provides habitat for an unlimited number of
bison during all months of the year.

The IBMP also allows natural processes to
occur throughout most of the bison conser-
vation area (the interior ranges within
Yellowstone National Park) and accounts
for the migratory nature of bison. But as
bison approach the park boundary, more
intensive management actions would occur
to keep bison from commingling with cattle.

The IBMP was in use without major changes
until the end of winter in 2008, and
remained in Step One. Managers had the
authority each winter to capture and remove
all bison, regardless of disease status, out-
side the west boundary or north boundary
if the bison population was above 3,000.
Removal meant capturing bison and send-
ing most of them to slaughter.

Winter 2005-2006

At the start of winter in 2005, almost 5,000
bison lived in the park. Hundreds migrated
to winter range along and outside the park’s
north boundary. More than 800 bison were
captured and shipped to slaughter. Also, 87
calves were sent to quarantine (see next
page). Scientists believe that the loss of this
many bison would not prevent the long-term
conservation of the bison population.

Winter 2007-2008

In the autumn of 2007, more than 4,500
bison were counted in Yellowstone; by
March 2008 less than 2,500 remained.
Approximately 1,600 were sent to slaughter,
116 killed in the Montana state hunt, 112
calves sent to quarantine research, and
several hundred killed by the winter. By
March 2008, managers realized the bison
population had dropped low enough that
their long-term conservation was at risk.
Management actions were put on hold, and
the remaining bison were allowed outside
the park with minimal hazing. Asin 1997,
bison management came under intense
national scrutiny.

Revising the Plan

In March 2008, the Government Account-
ing Office (GAO) released an audit of the
IBMP that recommended it be revised.
GAOQO’s recommendations included:

+ Clearly define measurable objectives and
refine, revise, or replace the plan and
procedures as needed.

« Define specific scientific and management
questions to be answered and incorporat-
ing the results into the IBMP.

+ Make easily accessible to the public all
documents reflecting decisions made and
actions taken.

« Report annually to Congress on the prog-
ress and expenditures related to the plan.

Between August and December 2008, the
agencies met seven times to begin imple-
menting these and other changes. Their
adjustments to the IBMP include:

« Establish www.ibmp.info to provide bison
management documents to the public.

« Provide greater tolerance for untested
bison on the Horse Butte peninsula, which
is outside the park beyond West
Yellowstone.

« Allow bison beyond the northern bound-
ary in a limited area to learn how bison



may use this new winter range.

+ Allow adult male bison outside the west
boundary, with management based on
minimizing private property damage and
providing public safety.

+ Work with private land owners to prevent
or resolve wildlife conflicts.

+ Consider fencing as a tool to help create
separation between cattle and bison.

Other Recent Developments

Brucellosis near Yellowstone

Wyoming, Idaho, and Montana lost their
brucellosis-free status in recent years. Elk—
not bison—were the likely source. The states
have increased efforts to keep elk and cattle
separate through more aggressive disease
testing, fencing, and culling. All three have
regained their brucellosis-free status.

Vaccination

The NPS is undergoing an environmental
study to evaluate vaccinating bison in the
field, using remote delivery methods that do
not require handling individual bison.
Because scientists now know more about
bison movement patterns, group dynamics,
and habitat distribution, they better under-
stand where and when remote field vaccina-
tion could succeed.

Bison hunting

The state of Montana reauthorized a winter
bison hunt outside Yellowstone National
Park beginning in 2005. The state hopes to
use the hunt to manage bison numbers on
low elevation winter range and increase
public support for expanding bison habitat
outside the park. In addition, the Nez Perce
and Confederated Salish-Kootenai Tribes
are hunting bison on public lands outside
the park in accordance with their 1855
treaties with the United States.

Quarantine

Montana Fish, Wildlife and Parks and
APHIS are conducting a bison quarantine
feasibility study. Bison calves that would
otherwise be sent to slaughter are being
used to develop and test a protocol to certify
disease-free bison. From the first group of
36 female bison, 22 calved successfully and
cleared the quarantine protocol. They and
their calves and a few males are expected to
depart quarantine in early 2010. The
remaining females were allowed to breed in
2008 and moved through the final steps of
quarantine in 2009; they are expected to

depart quarantine in the next year. If suc-
cessful, quarantine could provide a way for .
Yellowstone bison to be a part of bison con- Bison

servation in other places. Management
Genetics

Several studies have reported relatively high
genetic variation in Yellowstone bison com-
pared to other bison
populations in North
America. This popu-
lation has made a sig-
nificant contribution
to the overall genetic
diversity in publicly-
owned bison popula-
tions because they
were used as a source
to supplement or
establish many herds.
In addition, Yellow-
stone bison are one of
only three publicly managed bison

So far, research
shows that bison

populations with no evidence of cattle calves pose no risk to
hybridization. cattle. The risk of

. . brucellosis transmis-
Understanding bison movement )
Like most other ungulates of the greater occurs only during

Yellowstone area, bison are migratory, as the time afterbirth
and its residue

explained in Chapter 7, “Bison.” Managers T N
are studying their movements to understand | ground. Bison
when, how, and where they migrate both consume most of
inside and outside of the park. This may these materials.
help managers anticipate large herd move-
ments, and to better understand how to
keep bison apart from cattle once they leave
Yellowstone.

Outlook

Brucellosis is not a major factor in deter-
mining herd survival for either elk or bison,
but will remain a cause of concern to the
livestock industry. The U.S. Department of
Agriculture has proposed revising the rules
that define brucellosis-free status, eliminat-
ing the state-by-state designations and
focusing on Yellowstone-area cattle popula-
tions. If accepted, this rule would become
effective in 2010 and help ease concerns of
cattle producers nationwide.

Developments
& Outlook

State and federal agencies will continue to

work together using the Interagency Bison

Management Plan as their primary tool to

prevent bison to livestock transmission.

Each agency plays a separate role in manag- Yellowstone Resources
ing this population that now has approxi- & Issues 2010
mately 80,000 acres of habitat in Montana 169
outside Yellowstone National Park.



Issues:
Climate
Change

ot

The Issue

The global climate is changing, and
is already affecting the Greater
Yellowstone Ecosystem.

History

1750: The Industrial Revolution is
underway; manufacturing begins
producing greenhouse gases such
as carbon dioxide and methane.

1827: Jean-Baptiste Joseph Fourier,
a scientist in France, describes
Earth's atmosphere being like a
glass box that traps heat—Ilater
termed the "greenhouse effect.”

1896: Savre Arrehnius looks at the
science, and perceives a simple
cause and effect: increasing
greenhouse gases in the atmo-
sphere will cause global warming.

1958: Charles David Keeling begins
measuring atmospheric carbon
dioxide from Mauna Loa, Hawaii.

1957-58: International Geophysical
Year

1963: Keeling warns of 10.8°F tem-
perature rise in next century.

1965: First Global Climate Models
(GCM) developed.

1969: Weather satellites begin pro-
viding weather & atmospheric
data.

1978: Satellites begin measuring
sea ice in both the Arctic and
Antarctic.

1988: The Intergovernmental Panel
on Climate Change (IPCC) is estab-
lished.

1995-2006: 11 of these 12 years are
the warmest years on record.

1997: The Kyoto Protocol sets man-
datory targets for greenhouse gas
emissions for most industrialized
nations.

2007: IPCC begins its 4th report,
"Warming of the climate system is
unequivocal.”

Predictions for the

Western United States

o This region will warm more than
the global average.

o Summer temperatures will
increase 5-7°F in 50 years.

* Precipitation will stay the same or
increase.

o Overall moisture available to the
ecosystem will decrease because
evaporation will increase as the
region warms.

o Ecosystem changes will be affect-
ed by land forms, microclimates,
and other local factors, and will
occur in all directions—north,
south, lower elevations, higher
elevations.

What is already happening:

¢ Since the mid 1970s, the wildfire
season increased by 11 weeks,
with fires lasting an average of 5
weeks.

¢ Snowpack is decreasing and melt-
ing 2 to 4 weeks earlier.

Predictions for the Greater

Yellowstone Ecosystem

o Alpine habitat will decrease,
affecting almost all alpine flora
and fauna.

o Grizzly bear alpine food sources
(whitebark pine, army cutworm
moths) will decrease.

* Wolverine may lose habitat and
denning sites.

¢ Pika and lynx may lose their habi-
tat in the park.

* Sagebrush-steppe conditions, such
as on the northern range, will
increase.

What is already happening:

* Growing season has increased by
two weeks.

* Willows are growing 3 times the
average recorded in the 1980s, in
part due to the longer growing
season.

Yellowstone Resources

& Issues 2010

170

In recent years, natural events in
Yellowstone associated with weather
seemed to come two to three weeks early—
including the peak snowmelt. Was this
unusual weather or global climate change?
To answer this question, you need to under-
stand the difference between weather and
climate (defined on the next page), and you
need data spanning several decades, ideally
centuries or even millennia. Scientists now
have that data, which establish our global
climate is changing rapidly and the change
is unprecedented in the last several thou-
sands of years. However, understanding
global climate change dates to the 1700s.

Ironically, ice age investigations led directly
to understanding global climate warming.
In the 1700s, scientists began trying to
understand how the ice ages had occurred.
At the same time, the Industrial Revolution
began, powered by fossil fuels.

Scientists studying the ice ages developed
some of the first climate theories. For exam-
ple, Jean-Baptiste Joseph Fourier compared
Earth’s atmosphere to a glass box, which
allows heat in but not out—which later sci-
entists called “the greenhouse effect.” James
Croll noted that ice and snow reflect heat
back into the atmosphere—and if the
amount of heat changed, winds would
change, which would affect ocean currents,
which could sustain cold temperatures—
and thus create a feedback loop.

In 1896, a Swedish scientist connected
climate with pollution. Savre Arrehnius
wanted to know how carbon dioxide (CO2)
might have affected the ice ages. He calcu-
lated the amount of CO2 emitted by indus-
try, then doubled that amount and calculat-
ed it would raise global temperatures 9-11°F.

During the first 50 years of the 20th century,
scientists continued to research the ice ages,
developing methods and data essential to
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Arrehnius predicts
v global warming.
Croll identifies
atmospheric feedback loop.
Fourier compares Earth’s
v atmosphere to a greenhouse.

Scientists studying Earth’s ice ages.
Industrial Revolution begins.

future understanding of climate change. For
example, scientists began studying pollen
found in sediment layers. Based on the types
of vegetation represented, the scientists
could assume climate conditions in the past
would resemble climate conditions where
such vegetation is found today. Similarly,
they developed a method to measure ancient
ocean temperatures by studying shells of
plankton laid down over centuries in the sea
bed. By 1955, scientists had ocean tempera-
ture records going back 300,000 years.

In the 1950s, scientific attention began
focusing on Earth’s systems. Roger Revelle
found the oceans could not absorb all the
CO:z humans were emitting. Knowing that
CO: emissions would increase as industrial-
ization increased, he wanted to know where
the CO2 would go. Revelle hired Charles
Keeling to gather baseline data on atmos-
pheric CO: from a lab on Mauna Loa,
Hawaii, far from industry. Keeling saw the
opportunity to begin long-term CO: analy-
sis, and so began the first data set confirm-
ing atmospheric CO: was rising far beyond
that caused by any natural mechanisms. (See
chart next page.)

Additional research begun during the
1957-58 International Geophysical Year
produced equally interesting results, and
the general public began to take notice.
Newspapers began reporting evidence of
climate change, such as thinning of the
Arctic sea ice. During the 1960s, the first
Global Climate Models (GCMs) were
developed and weather satellites began
gathering data about the atmosphere’s
chemical composition.

During the ensuing decades, scientists con-
tinued to refine instruments and models,
and to gather data. To assemble and review
this data, the United Nations established the
Intergovernmental Panel on Climate

During the 20th century, scientists refine analysis
and dating techniques to study Earth’s past, ocean &
atmospheric chemistry, and climate systems.
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climate change.

Kyoto Protocol sets goals for
reducing CO2 emissions.

Intergovernmental Panel on Climate
Change forms; includes 2000 scientists.

v Global Climate Models are developed.

v International Geophysical Year

Keeling begins long-term recording of CO2
concentrations in the atmosphere.

Change (IPCC) in 1988, which is comprised
of 2000 scientists. Based in part upon the
IPCC’s work, more than 60 countries con-
vened in 1997 to draft the Kyoto Protocol,
which set mandatory targets for greenhouse
gas emissions for most industrialized
nations. In 2007, the IPCC shared the Nobel
Peace Prize with Al Gore, and published its
fourth report, which begins with this con-
clusion: “Warming of the climate system is
unequivocal.”

Climate-Change Science

The IPCC, in its 2007 report, explains:
“Projecting changes in climate due to green-
house gases 50 years from now is very dif-
ferent and much more easily solved problem
than forecasting weather patterns just
weeks from now.” Weather systems are
chaotic and hard to measure and predict;
longer-term changes, however, can be mea-
sured and predicted because we have the
necessary instruments and understanding.
However, when you average weather data,
“the fact that the globe is warming emerges
clearly.”

Two basic physical factors are at work in
climate change: water expands when heated;
open water and bare ground absorb thermal
energy, thus warming the sea, land, and air.

Evidence

Since the end of the last glaciations, 13,000
to 14,000 years ago, Earth’s snow and ice
cover has remained relatively consistent.
These highly reflective surfaces bounce
thermal radiation back into the atmosphere,
and as long as this reflection remains steady,
so do world temperatures. Satellite and mili-
tary data during the past few decades show
Arctic ice is thinning and melting; and much
evidence shows annual snow cover is dimin-
ishing worldwide, but especially in the
northern hemisphere. As snow and ice

Peace Prize for work on

Climate
Change

The Terms of
Climate Change
Weather: the state
of the atmosphere
at a given time and
place, and for the
next few days to a
month.

Climate: long-
term meteorologi-
cal conditions that
prevail in a region,
with a decade as
the minimum span
of averages.

Global Climate
Models (aka
Global
Circulation
Models): GCMs
use established
physical laws (such
as water expands
as it warms) and
enormous amounts
of data to show
how variables
(such as increases
in carbon dioxide)
will affect climate.

Phenology:
relationship
between periodic
biological changes
—like the budding
of trees or arrival
of migratory birds
in the spring—and
seasonal changes
such as tempera-
ture.
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Climate
Change

Climate changes in
the past were caused,
in part, by changes in
the Sun’s activity.
Scientists have
detected no such
changes in the Sun
during the past few
decades.

This version of the
Keeling Curve by the
CO, Program of the
Scripps Institute of
Oceanography,
scrippsco2.ucsd.edu
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coverage decreases, less thermal radiation is
reflected, and more heat is absorbed by the
increasing amounts of open water and bare
land. This increased absorption increases
surface and air temperatures.

Ocean temperature is measured every day
from thousands of ships; this record com-
bined with air temperature records provide
the estimated global average temperature
each month. As oceans warm, they expand
and their levels rise. Data collected since the
1990s show oceans are rising 0.12 inches per
year—50 percent due to water expanding
from increased temperatures and 50 percent
due to melting ice. This rate of change is
unprecedented; the record shows global sea
levels had been stable for thousands of years
until the 20th century.

As scientists predicted in the 1800s, carbon
dioxide build-up in the atmosphere is caus-
ing this extreme and rapid change in Earth’s
temperature. Ice core records show that
after the last glacial period ended, CO: con-
centration gradually rose 80 ppm (parts per
million) over 5,000 years. During the past
100 years alone, the concentration has risen
79 ppm—an unprecedented rate.

More than three-fourths of the CO:2 in the
atmosphere comes from burning fossil fuels.
Scientists know this because carbon atoms

released during combustion are chemically
distinguished from carbon released by natu-
ral causes, and thus can be measured.

Current Effects Around the World

« Since the 1950s, in most mid- to high-
latitude regions, the number of very cold
days and nights has decreased; the
extremely hot days and nights have
increased; and the length of the frost-free
season has increased.

« In 2006, the average mean temperature in
the United States was 55°F—2.2°F higher
than the 20th century mean.

« The five hottest years on record were:
1998, 2002, 2003, 2004, and 2005.

+ Temperatures in Alaska are rising almost
twice as fast as elsewhere.

 Permafrost is melting across the Arctic
regions, reducing habitat for birds,
destroying buildings that used permafrost
as a foundation, collapsing roads.

« Glaciers have decreased 95 percent.

« The area of melting Arctic sea ice is greater
than two Montanas.

+ The extent of regions affected by droughts
has doubled since the 1970s.

« Since 1970, category 4 & 5 hurricanes have
increased by about 75 percent.

« Since 1993, worldwide sea level has risen

The Mauna Loa Record, aka Keeling Curve (begun by Charles Keeling in 1958)

Monthly Carbon Dioxide Concentration
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1.7 inches—twice the rate of the previous
30 years.

Predictions

If we continue the current rates of CO2
emissions, scientists predict the following:

Global

+ Warming oceans will increase hurricane
intensity.

+ By 2030, CO2 emissions will grow 40-110
percent.

+ In this century, sea level will rise 15.8-27.6
inches.

+ Increased ocean acidity (from increased
CO2) may stop growth of coral reefs.

+ By 2100, global surface temperatures will
be from 2.5 to 10.4°F higher .

» Heat waves and heavy precipitation will
become more frequent.

+ Of the species whose sensitivity to climate
change has been assessed, 20-30 percent
will face greater risk of extinction.

Western United States

Much of the western United States will
likely become more arid according to the
GCMs. Temperatures could increase 4-13°F,
with the increases higher in the mountains
and greater during winter. The resulting
smaller snowpacks will reduce surface and

Global Mean Temperature

groundwater supplies, affecting all species
in the region. As temperatures increase,
evaporation rates increase. So even if pre-
cipitation remains the same or increases,
less water will be available in the ecosystem.

Less water means wildfires will increase in
frequency, intensity, and duration in most
western regions. In the last 30 years, the
wildfire season has increased more than
two months, and individual fires last five
times longer. In addition, the increasing
levels of CO2 may change the atmosphere’s
chemistry so that lightning—a prime cause
of natural wildfire—will increase and thus,
begin fires more frequently.

GCMs generally show changes by latitude—
they cannot account for variations in topog-
raphy, which are big variables in the western
United States that affect regional climate,
local weather, and ecosystems. Therefore,
the GCMs cannot predict what changes will
likely occur at different elevations and with-
in small pockets of habitat.

In general, plants are especially vulnerable
to rapid climate changes because they
change locations by generations—at best.
And even then, they face landscapes
already fragmented by humans that will
become even more fragmented by climate
change.

Difference (°C) from 1961 - 1990
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Climate
Change

IPCC published this
graph in their 2007
report. An industrial-
ization boom in the
northern hemisphere
after World War Il
contributed to cooler
temperatures. Carbon
dioxide and other
greenhouse gases are
the main cause of
warming after the
mid-1970s. The
steeper slope in
recent decades indli-
cates accelerated
warming.

This and other graphs
available at www.
ipcc.ch/graphics/
gr-ar4-wgi.htm
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Climate
Change

The boundaries of
Yellowstone’s two
climate regimes have
remained stable for
14,000 years.
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summer-wet/winter-dry

summer-dry/winter-wet

Plants adapted to live in cold environments,
such as the Rocky Mountains, often require
extremely cold temperatures. For example,
young Douglas-fir must be exposed to cold
for a certain length of time while they are
dormant to promote maximum growth.
They will face competition from trees and
other plants that don’t require such chilling
periods.

Throughout the intermountain western
United States, spring runoff is 20 days earlier
than in the 20th century. Because of this
change, scientists predict the following:

+ By 2050, the Columbia River system—
including the Snake River—will lose
35 percent of its snow pack.

« Coldwater fish habitat will be reduced
25-30 percent.

« Aquatic insects and other invertebrates
living in streams will be reduced or wiped
out.

Climate Change in Yellowstone

Yellowstone is not considered by many to be
a “climate change” park that will have obvi-
ous changes in the next few decades.
However, higher temperatures and changes
in precipitation patterns can greatly change
its ecosystems. The alpine zone, which
begins at 9500 feet, will migrate higher, with
important species like whitebark pine
almost entirely lost to the ecosystem.
Changes in snowpack and timing of spring
runoff will disrupt native fish spawning and
increase exotic aquatic species expansion.
Changes in precipitation and temperature
regimes will likely disrupt vegetation

growth that in turn would seriously disrupt
wildlife migrations, one of the key resources
for which Yellowstone National Park is
globally treasured.

Two climate regimes

Yellowstone National Park is bisected by
two climate regimes that will influence how
and what changes here. (Map, left.) These
regimes—summer-wet/winter-dry and sum-
mer-dry/winter-wet—are remarkably stable,
as shown by pollen records extracted from
lake sediments throughout the region. By
painstakingly examining and identifying
pollen from these cores, scientists have
determined that Yellowstone’s climate
regimes have retained approximately the
same boundaries since the end of the last
glaciation, 13,000 to 14,000 years ago. They
remained steady even when temperatures
increased 12,000 to 6,000 years ago. This
temperature increase equals what we are
experiencing now, but over millennia
instead of decades.

The northern part of the park, roughly fol-
lowing the southern limit of the northern
range (see map), is in a summer-wet/winter-
dry climate regime. Moisture comes in the
summer via monsoon systems that move
north from the gulfs of Mexico and
California, wrapping around the Absarokas
into the northern range; and winter storms
come from the Pacific. Sagebrush-steppe
and grasslands characterize the habitat
within this regime. Global climate change
may increase summer precipitation within
this area, but this may be offset by more
rapid evaporation, resulting in a net
decrease in moisture available to the
ecosystem.

The rest of the park is in a summer-dry/
winter-wet regime, influenced by the Pacific
sub-tropical high-pressure system in sum-
mer and westerly storms in winter. Higher
winter moisture used to translate into high
snowpack, which provided conditions suit-
able for forests and their inhabitants. With
climate change comes warmer winters and
more rain, which will alter the habitat over
time.

Although the climate regime boundaries
might not change, the vegetation within
these regimes will change due to the speed
of change and increasing disturbances such
as fire and insect infestations.



tation, snowmelt, and growing season. With
a longer growing period to produce energy,
willows can meet their essential needs
earlier in the season and thus produce more
defensive chemicals earlier. They also now
have more water earlier in the year because

Fire

The general prediction for wildfire in the
western United States calls for more intense
fires, similar to those of 1988. However, the
charcoal in lake sediment cores is telling a
different story in Yellowstone. These

Climate
Change

records extend back 17,000 years, and were
taken from Cygnet Lake on the Central
Plateau. Charcoal from 8,000 years ago,
when temperature increases equal what we
are now experiencing, shows more frequent
but smaller fires than today. Fuels, along
with fire weather, determine fire size and
severity: the stand-replacing fires of today
open up the forests where stands have been
burned, limiting fuels for the next fire. As a
result, areas with frequent fires also tend to
have small fires. Whether this holds true for
the future remains to be seen.

Insect infestations

In the past, insect infestations were cyclical,
following changes in weather. For example,
trees defend themselves from pine bark
beetles by exuding sap that traps or prevents
them from lodging in the tree. During a
drought, a tree cannot produce enough sap
to defend itself, and so insects infest it. Once
the drought ends, the tree resumes defend-
ing itself and the infestation eventually
diminishes. In 2000, insect infestations
began increasing in Yellowstone. In 2007, all
four pine bark beetles and the spruce bud-
worm were attacking trees—a circumstance
never seen before. Scientists suspect climate
change at work. (See also Chapter 5.)

Wetlands

Wetlands in Yellowstone are few and far
between (see Chapter 5), and include small
lakes and kettle ponds, which are already
drying up. Scientists don’t know how much
ground-water recharge they will need to
recover. However, precipitation and
snowpack will likely continue to decrease,
which will continue to decrease surface and
ground water—and thus the lakes and
ponds may not recover.

As wetlands diminish, sedges, rushes, and

snowmelt occurs sooner, and rain has
increased in May and June. This moisture

increase occurs at a
time most beneficial
to their growth.

Wildlife
Climate-change
effects on large
mammals are harder
to determine than
for other animals,
and predictions are
not easy to find. In
general, scientists
seem to think ungu-
lates depending on
grasslands will be
able to find suitable
habitat. Other
species might not be
so fortunate.

Grizzly bears will
have less of their
most valuable foods:
whitebark pine nuts,
army cutworm
moths, & cutthroat
trout.

Canada lynx will
have less habitat and
food as snow cover
decreases in amount
and duration.

Wolverines will
have less deep snow
for dens where they
find shelter and give
birth.

An ironic twist

Yellowstone’s
thermophilic plants

Change in Other Western
National Parks

Gates of the Arctic and Yukon-Charley:
Caribou ranges and population size may
become less predictable, affecting the diet and
culture of native Alaskans who rely on them.

Katmai:

Ocean warming may drive salmon out
of southern Alaska; warmer rivers may
increase parasites of salmon unusable.

North Cascades:

Seventy to 90% of the snowpack could disap-
pear by the end of this century, threatening
winter sports and water supplies.

Olympic:
Warmer winters and more extreme precipita-
tion events could increase winter flood risk.

Yosemite:

Warming and drought have made wildfire
season longer and more damaging, and
increased insect damage.

Sequoia/Kings Canyon:

Warmer temperatures will worsen smog;
increasing wildfires will contribute more
smoke and airborne particulates.

This information reprinted from Unnatural
Disaster: Global Warming and Our National
Parks by the National Parks & Conservation
Association.

Climate-Friendly Parks

In 2002, the Park Service began a Climate-
Friendly Parks Program to help parks mea-
sure and reduce their greenhouse gas emis-
sions, evaluate their vulnerability to climate
change, monitor for climate change effects,
and educate visitors. Learn more at www.
nps.gov/climatefriendlyparks.

other mesic (water-loving) plants will lose
habitat. In their place, grasses and other
xeric (dry-loving) plants will increase.
Amphibians and birds will also lose habitat.

may provide clues to help scientists predict
how plants will respond to global climate
change. These plants are adapted to unusu-
ally high levels of CO.. Scientists are study-
ing these “carbon-philic” species to under-
stand how they withstand such high
amounts of carbon dioxide, and what this
could mean for other plants in the future.

Willows, however, seem to be thriving.
Their growth since 1995 has been three
times the average recorded in the 1980s.

In part, this is due to the changes in precipi-
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Climate
Change

Emissions
Inventories

Yellowstone National
Park is planning to
reduce its GHG

emissions approxi-
mately 43% by 2020.

This chart adapted
from a report by the
National Renewable
Energy Laboratory,
Department of
Energy.
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Action in Yellowstone

Park employees and residents are reducing
their emissions contributions through land-
mark recycling efforts, using biodiesel and
ethanol in vehicles, and other changes. In
2006 alone, park employees reduced the
CO: emissions from vehicles by 575.4 tons
by using alternative fuels. (See “Sustainable
Practices,” in this chapter.)

At the policy level, park scientists and
resource managers have collaborated with
other federal agency staff, scientists from
the U.S. Geological Survey and from univer-
sities, to develop a science agenda that will
build a foundation for understanding how
the ecological system will change as the
climate changes and how management can
mitigate these effects. (See Chapter 2.)

In addition, the National Park Service,
Forest Service, and U.S. Fish & Wildlife
Service have inventoried the amount of
greenhouse gas (GHG) emissions they pro-
duce in the Greater Yellowstone Ecosystem.
Yellowstone National Park’s inventory
revealed:

+ Electricity use is responsible for more than
60 percent of the GHG emissions because
of the emissions created in producing the
electricity (coal mines, power plants, etc.)

+ Heating & cooling park buildings contrib-
utes 27 percent to GHG emissions

« Cars, trucks, heavy equipment, and other
vehicles directly emit almost 13 percent of
Yellowstone’s greenhouse gases

Yellowstone’s emissions are higher than
other units and agencies because its opera-
tion is the largest among them.

As aresult of completing the comprehensive
GHG emissions inventory, the agencies are
developing an action plan to reduce GHG
emissions in all their operations across the
entire ecosystem.

Outlook

Data from thousands of years to the present
and more than 2000 scientists agree: Earth’s
climate is warming 40 times faster than any
other period in the planet’s history.
Vegetation cannot keep up with this rapid
rate of change. Many animals will not be
able to either. And the vast majority of
humans, who live within three meters of sea
level, will find their homes and livelihoods
at risk in the coming decades.

Many scientists believe we have a chance to
slow climate change—if we stop increasing
CO:2 emissions by 2017. The technology for
this change exists, as does the technology to
produce climate-safe energy and power.

Greater Yellowstone Ecosystem
Green House Gas Emissions

B Purchased Electricity

other equipment. Emissions generated at the source
of power, such as power plants.

B Stationary Combustion

Energy-use on site, such as heating & cooling build-
ings. Emissions generated at the source of power.

OMobile Combustion
Emissions caused by motorized vehicles.

USFS 6 National Forests

GRTE Grand Teton National Park
YELL Yellowstone National Park
USFWS 2 national wildlife refuges

Electricity purchased to power lights, computers, and

7.000

6,000

5,000

4,000
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Metric Tonnes Carbon Equiv (MTCE)
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The northern range refers to the broad
grassland that borders the Yellowstone and
Lamar rivers in the northern quarter of the
park (map next page). This area sustains one
of the largest and most diverse populations
of free-roaming large animals seen any-
where on Earth. Many of the park’s ungu-
lates spend the winter here. Elevations are
lower and the area receives less snow than
elsewhere in the park. Often the ridge tops
and south-facing hillsides are clear of snow,
aresult of wind and sun. Animals take
advantage of this lack of snow, finding easy
access to forage.

History

The northern range has been the focus of
one of the most productive, if sometimes
bitter, dialogues on the management of a
wildland ecosystem. For more than 80 years
this debate focused on whether there were
too many elk on the northern range.
Although early censuses of the elk in the
park, especially on the northern range, are
highly questionable, scientists and managers
in the early 1930s believed that grazing and
drought in the early part of the century had
reduced the range’s carrying capacity and
that twice as many elk were on the range in
1932 as in 1914. Due to these concerns about
over-grazing and overbrowsing, park man-
agers removed ungulates—including elk,
bison, and pronghorn—from the northern
range by shooting or trapping from 1935 to
the late 1960s. More than 26,000 elk were
culled or shipped out of the park to control
their numbers and to repopulate areas
where over-harvesting or poaching had
eliminated elk. Hunting outside the park
removed another 45,000 elk during this
period. These removals reduced the elk

Some scientists believe the park has
more ungulates (hoofed mammals)

L| than the northern range can sustain.

They blame elk and bison for ero-

{ sion and declines in willows, aspen,
and beaver, ostensibly due to over-

grazing. Other scientists have found
no evidence that the park’s grass-
lands are overgrazed.

History/Background

¢ For decades, the park intensively
managed elk, bison, and prong-
horn.

¢ The park discontinued wildlife
reductions in the late 1960s to
restore natural dynamics and
minimize human intervention.

¢ In the 1970s and early 1980s,
scientific and public concerns
grew about the increasing popu-
lation of ungulates on the north-

Issues:
Northern
Range

affect the overall diversity of
native animals and plants.

Current Status

* In 1998, Congress called for the
National Academy of Sciences to
review management of the north-
ern range. Results were released
in March 2002.

¢ Despite scientific conclusions to
the contrary, some people con-
tinue to claim the northern range
is overgrazed.

* In response to recent controversy
about the impact of wolves on
the elk herds of the northern
range, numerous researchers have
been studying this elk population
and the impact of wolf restora-
tion.

* Some people are now concerned
because elk counts have declined
approximately 60% since 1994.

ern range.

¢ In 1986, Congress mandated a
major research initiative to answer
these concerns. Results found that
the northern range was healthy
and that elk did not adversely

counts from approximately 12,000 to 4,000
animals.

As the result of public pressure and chang-
ing NPS conservation philosophy, park
managers ended elk removals in the late
1960s and let a combination of weather,
predators, range conditions, and outside-
the-park hunting and land uses influence
elk abundance. Without any direct controls
inside the park, elk counts increased to
approximately 12,000 elk by the mid-1970s,
16,000 elk by 1982, and 19,000 elk by 1988.
This rapid population increase accentuated
the debate regarding elk grazing effects on
the northern range.

The restoration of wolves into Yellowstone
and their rapid increase changed the debate
from concerns about “too many” elk to
speculation about “too few” elk because of
wolf predation. Elk are the most abundant
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ungulates on the northern range and com- evidence of overgrazing. In 1986, continuing
prised more than 89 percent of documented  concern over the condition of the northern
Northern wolf kills during winters from 1997 to 2008.  range prompted Congress to mandate more
Ran ge These data cause some people to think studies. This research initiative, one of the
wolves are killing off elk, despite the fact largest in the history of the NPS, encom-
that elk continue to populate the northern passed more than 40 projects by NPS biolo-
range at relatively high density compared to  gists, university researchers, and scientists
areas outside the park. from other federal and state agencies.
Results found that the northern range was
healthy and elk did not adversely affect the
overall diversity of native animals and
plants. It was also determined that ungulate
grazing actually enhances grass production
in all but drought years, and grazing also
enhances protein content of grasses, yearly
growth of big sagebrush, and establishment

Another set of statistics also alarm some
hunters, outfitters, and state legislators:
From 2002 to 2008, elk calf survival (recruit-
ment) and total number of the northern elk
herd declined. Many factors (e.g. predators,
drought, winterkill, hunting) contributed to
the low recruitment and decreased elk

numbers. ) L
of sagebrush seedlings. No reductions in
Research Results root biomass or increase in dead bunchgrass
Studies of the northern range began in the clumps were observed. However, studies on
1960s and have continued to the present. aspen and willows and their relationship to
These studies reveal some overbrowsing of ungulates on the nortl}err} range are not so
( riparian plants, but no clear clear-cut and are continuing. Despite these

results, the belief that elk grazing is damag-
ing northern range vegetation and that graz-
ing accelerates erosion persists among many
people, including some scientists.

s Continuing Controversy
\ In 1998, Congress again intervened in the
} controversy, calling for the National
Academy of Sciences to review management
of the northern range. The results,
published in Ecological Dynamics on
Yellowstone’s Northern Range (2002), con-
cluded that “the best available scientific
evidence does not indicate ungulate
populations are irreversibly damaging the
northern range.” Studies investigating the
responses of elk populations to wolf
restoration continue.

Tower /.

2
H Z
Junction 2

In part, the controversy is likely due to the
personal or scientific background of each
person. Many urban dwellers live among
intensively managed surroundings (commu-
nity parks and personal gardens and lawns)
and are not used to viewing wild, natural
ecosystems. Livestock managers and range
scientists tend to view the landscape in
terms of maximizing the number of animals
that a unit of land can sustain. Range sci-
ence has developed techniques that allow
intensive human manipulation of the land-
scape for this goal, which is often economi-
cally based. Many ecologists and wilderness

Yellowstone Resources
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believe that the ecological carrying capacity
of alandscape is different from the concept
of range or economic carrying capacity.
They believe variability and change are the
only constants in a naturally functioning
wilderness ecosystem. What may look bad,
in fact, may not be.

Change on the Northern Range

During the 1990s, the ecological carrying
capacity of the northern range increased as
elk colonized new winter ranges north of
the park that had been set aside for this pur-
pose. Summers were also wet while winters
were generally mild. The fires of 1988 also
had opened many forest canopies, allowing
more grasses to grow.

Many scientists believe that winter is the
major factor influencing elk populations.
Mild winters allow many more elk to sur-
vive until spring, but severe winters result in
significant levels of winter kill for many ani-
mals, not just elk. In severe winters (like the
winter of 1988-89 or 1996-97), up to 25 per-
cent of the herd can die. The northern
Yellowstone elk herd demonstrates the eco-
logical principle of density-dependence:
over-winter mortality of calves, older
females, and adult bulls all increase with
higher elk population densities.

Elk are subject to predation by other species
in the ecosystem, including bears, wolves,
coyotes, and mountain lions. Also, the
northern Yellowstone elk population is sub-
ject to four hunts each year. Elk that migrate
out of the park may be legally hunted during
an archery season, early season backcountry
hunt, general autumn hunt, and the
Gardiner late hunt, all of which are man-
aged by the Montana Department of Fish,
Wildlife and Parks. The primary objective
of the Gardiner late hunt is to regulate the
northern Yellowstone elk population that

migrates outside the park during winter and
limit depredation of crops on private lands.
During 1996-2002, approximately 5-19 per-
cent (mean ~11 percent) of the adult female
portion of this population was harvested
each year during the late hunt. However,
antlerless harvest quotas have been reduced
ninety-six percent in recent years due to
decreased elk
numbers.

The complex inter-
dependence of these
relationships results
in fluctuations in the
elk population—
when there are lots
of elk, predator num-
bers increase, which,
in part, helps reduce
elk numbers and
recruitment.

Outlook

National Park Service policies protect native
species and the ecological processes that
occur naturally across the landscape.
Whenever possible, human intervention is
discouraged. While controversy continues
about the northern range and NPS manage-
ment practices, many research projects con-
tinue in an effort to more accurately
describe what is happening on Yellowstone’s
northern range.

Northern
Range

Some sections of
the northern range
are fenced, as
shown above, to
study the long-term
effects of grazing by
fencing out large
herbivores. The
results were
complex: Animals
prune shrubs
outside the fence
but shrubs stay
healthy. Apparently
the herds are not
destroying the
unprotected
vegetation.

See Chapter 2 for
more about wolves
affecting the ecosys-
tem; and “Climate
Change” in this
chapter for its effects
on this area.
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Issues:
Sustainable
& Greening m Ph

Practices :gf,

The Issue

Yellowstone is a leader in demon-

strating and promoting sound envi-

ronmental stewardship through
regional and national partnerships.

History:

1995: Biodiesel truck donated to
park to test alternative fuel.

1997: Park celebrates 125th anni-
versary and “greening” efforts
increase.

1998: Old Faithful wood viewing
platform replaced with recycled
plastic lumber; employee Ride-
Share Program begins.

1999: Yellowstone National Park
begins using nontoxic janitorial
supplies and offers ethanol
blended fuel to visitors.

2002: The park's diesel fleet con-
verts to biodiesel; the Greater
Yellowstone/Teton Clean Energy
Coalition receives federal designa-
tion.

2003: Regional composting facility
opens; park demonstrates the first
fuel cell in a national park; park
begins testing prototype alterna-
tively fueled multi-season vehicles.

2006: 70% of all garbage in the park
is diverted away from a landfill
through recycling & composting.

2007: Park completes a greenhouse
gas inventory, leading to initiatives
to reduce greenhouse gas emis-
sions; interns begin gathering data
for sustainability efforts; 75% of
the park’s waste stream is diverted
from landfills.

2009 recycling in the park:

newspapers, magazines, office
paper: 87 tons

aluminum & steel: 14 tons

glass: 178 tons

plastics: 41 tons

cardboard: 270 tons

In addition, annually in Yellowstone:

¢ 300 vehicles use more than
156,000 gallons of biodiesel fuel

¢ 350 vehicles use more than
193,000 gallons of ethanol
blended fuel

¢ 1237 tons of food waste and other
garbage are composted

hybrid vehicles; Xanterra employee [ e
housing receives LEED designation. |~

In 1997, when Yellowstone National Park
celebrated its 125th anniversary, one of the
questions asked was what can we do to
preserve and protect this national treasure
for the next 125 years? The result was
“The Greening of Yellowstone.” Some

Yellowstone Resources
& Issues 2010

180

“green” projects had already begun, such as
demonstrating biodiesel fuel. Since then, the
park and various partners have addressed a
variety of sustainable and greening issues to
increase environmental conservation in the
park and surrounding communities.

Meeting to “Green” Yellowstone

Yellowstone National Park, the states of
Montana and Wyoming, the U.S. Depart-
ment of Energy (DOE), and private groups
hosted three-day conferences in October
1996 and May 1998. Participants developed
a vision for sustaining the park’s values and

improving environmental quality. They con-
sidered strategies such as developing a
regional composting facility, operating
alternatively fueled vehicles, replacing toxic
solvents, using more environmentally-sound
products, and modifying the energy infra-
structure to make it more environmentally
friendly. In 2003 and 2007, Yellowstone
hosted additional greening conferences that
highlighted environmental stewardship and
successes in the region, and identified
future initiatives.

Walking on Sustainability

Yellowstone has more than 15 miles of wood
boardwalk, most of which are several
decades old. As these walkways age, toxic
chemicals from wood preservative leach
into the ground and water. To reduce this
pollutant, the park is replacing wood walk-
ways with boards made of recycled plastic.
This effort began in 1998 when Lever
Brothers Company donated plastic lumber
for the viewing platform around Old
Faithful geyser. The lumber used the equiv-
alent of three million plastic milk jugs. Now
visitors receive an educational message
about recycling while waiting for the world’s
most famous geyser eruption.

Today the park continues to replace old
boardwalks with recycled plastic lumber,
which decreases toxic chemicals in the park,
lengthens the life of the walkways, and saves
natural resources and money.

Driving Sustainability

Yellowstone National Park offers an oppor-
tunity to demonstrate alternative fuels in an
environmentally sensitive and extremely
cold area. Beginning in 1995, the National
Park Service, the Montana Department of
Environmental Quality (DEQ), DOE, and
the University of Idaho began testing a
biodiesel fuel made from canola oil and
ethanol from potato waste. Dodge Truck



Inc. donated a new three-quarter ton 4x4
pickup to the project. The truck has been
driven more than 200,000 miles on 100 per-
cent biodiesel. It averages about 17 miles per
gallon, the same as with petroleum-based
diesel fuel. Emissions tests showed reduc-
tions in smoke, hydrocarbons, nitrogen
oxides, and carbon monoxide. Tests also
showed bears were not attracted by the
sweet odor of biodiesel exhaust, which had
been a concern. In September 1998, the
truck’s engine was analyzed, revealing very
little wear and no carbon build-up. The
truck is still being used in the park.

The park also provides ample opportunity
to test and use alternative fuels because its
employees drive almost four million miles a
year. All diesel-powered vehicles used by
park employees plus many used by conces-
sion operations use a 20 percent blend of
canola oil and diesel. Gasoline-powered
vehicles in the park use an ethanol blend
(E-10). This fuel is also available to visitors
at park service stations.

In 2004, the park’s hybrid fleet began with
four models donated by Toyota USA. They
operate with electricity generated by the
gasoline engine and its braking system.
They conserve gas, reduce emissions, and
run quietly when using electricity. The park
now operates 17 hybrid vehicles.

In 2008, Michelin North America donated
$50,000 worth of tires for the Yellowstone
National Park fleet to test. These tires are

designed to increase fuel efficiency and to
last longer than other tires.

Building Sustainability

Yellowstone’s buildings present opportuni-
ties for incorporating sustainable building
materials and techniques as they are main-
tained, remodeled, or replaced. The park
and its partners have:

+ drafted an architectural and landscape
design standard based on national green
building standards and Yellowstone
Design Guidelines.

+ planned the new Old Faithful Visitor
Education Center to meet LEED certifica-
tion requirements. (See this and next page.)

« retrofitted several maintenance facilities
with sustainable heating systems, insula-
tion, and high-efficiency lighting.

« encouraged concessioners to retrofit facili-
ties and ask guests to conserve energy and
water in the hotels and lodges.

“Green” Cleaning Products

In August 1998, the U.S. Environmental
Protection Agency helped Yellowstone
National Park assess its cleaning products.
They found some products with slightly
toxic ingredients and others with potentially
significant health hazards. As a result, the
park switched from more than 130 risky
products to less than 10 safe products. The
assessment expanded to include park con-
cessioners, who also switched to safer prod-
ucts. This switch to safer and more environ-
mentally sound cleaning products has
expanded into many other national parks.

Renewable Energy

Yellowstone managers are testing and
installing alternative renewable energy
sources for various uses in the park. The
Lamar Buffalo Ranch now meets 80 percent
of its energy needs with a solar array. The
Lewis Lake Contact Station and ranger
residence also use solar energy, reducing the
use of a polluting propane generator. Fuel
cells, which convert hydrogen into power
and don’t need battery storage, have been
tested as a source of electricity to the West
Entrance Station. The park is also experi-
menting with producing biofuels from food
waste. In 2007, it demonstrated a generator
that produced electricity using 100 percent
vegetable oil.

Recycling and Composting

In 1994, a study was done in Yellowstone
National Park showing 60-75 percent of

LEED Certification

The U.S. Green Building Council (USGBC), a
building industry group, developed national
standards for environmentally-sound build-
ings. Called LEED (Leadership in Energy and
Environmental Design) Green Building Rating
System?®, these standards have been met in the
Yellowstone Park area for an employee hous-
ing project completed in 2004. The National
Park Service partnered with concessioner
Xanterra Parks & Resorts to build two houses
following LEED certification standards. The
project earned LEED certification—the first in
Montana, and the first single-family residence
in the country. The features include:

« Energy efficient design standards
« Passive solar gain
« State of the art heating/cooling systems

« Landscaping with Yellowstone-produced
compost

Issues:
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Geothermal energy
may seem like an
obvious resource in
the Yellowstone
area—but its use
could destroy the
geysers and other
hydrothermal
features protected
here. Other geysers
in the world have
been destroyed by
geothermal energy
development.
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Greening the new Old Faithful Visitor Education Center

———

a ' Features include:

e a design that reduces
heated space in winter

e water-conserving
fixtures

e displays and
programs about
sustainable
practices

e unobtrusive,
down-directed
exterior lighting

The new Old Faithful Visitor Education Center, opening August 2010,
is designed to achieve Gold level LEED certification (see previous page).

solid waste (the waste stream) could be com-
posted. Large-scale composting becomes
even more economical when compared to
hauling the park’s solid waste more than 150
miles to landfills.

The Southwest Montana Composting
Project —a partnership among area coun-
ties, municipalities, and the National Park
Service —built an industrial-grade com-
posting facility near West Yellowstone. It
began operating in July 2003 and today
transforms 60 percent of park’s solid waste
into valuable soil conditioner.

Another regional partnership that includes
Yellowstone National Park is the Head-
waters Cooperative Recycling Project,
which is expanding recycling in the park
and surrounding communities. For exam-
ple, it has placed recycling bins for glass,
plastic, paper, aluminum, and cardboard
throughout the park.

In 2005, Yellowstone became the first
national park to recycle small propane cyl-
inders, such as those used for lanterns and
some camp stoves. Now, more than 15,000
cylinders are crushed and redeemed as steel.

Employee Ride-Share Program

In January 1998, Yellowstone National Park
initiated a Ride-Share Program at the sug-
gestion of park employees living north of
the park—some more than 50 miles away.
They were willing to help finance the pro-
gram. Benefits of the program include:

« reducing fuel consumption and air
pollution

« improving safety by decreasing traffic

« easing parking constraints in the park

+ saving employees money

+ improving employee morale, recruitment,
and retention

Approximately 45 employees participate in

the Ride-Share Program, a significant dem-

onstration of the National Park Service

commitment to public transportation.

Clean Energy Coalition

The Greater Yellowstone/Teton Clean
Energy Coalition, which is part of the
federal Clean Cities Coalition, promotes
alternative, cleaner fuels. Its goals include:

« substantially reducing particulate matter
entering the atmosphere

+ educating and promoting the advancement
of renewable fuels

« reducing dependency on fossil fuels

« setting an example of environmental
stewardship

Projects include:

« expanding the use of renewable fuels

« developing partnerships to foster
sustainable efforts

« converting all stationary applications
(heating boilers, generators, etc.) to
renewable fuels

« creating a tour district to promote a shuttle
service within the Yellowstone region

Greening of Concessions

Yellowstone National Park’s major conces-
sioners have made corporate commitments
to an environmental management system
(EMS) that meets international business
standards for sustainability.

Ecologix: Xanterra Parks & Resorts

Xanterra, which provides lodging and
other guest services in the park, calls its



EMS “Ecologix.” It encourages employees
to develop and implement sustainable
practices such as:

+ Replaced thousands of incandescent bulbs
with efficient compact fluorescent lighting.

+ Replaced two-stroke engines of rental
boats and snowmobiles with cleaner burn-
ing and more efficient four-stroke engines.

+ Recycle used motor oil, cooking oil, elec-
tronics, automotive batteries, antifreeze,
and paint solvents.

+ Use bleach-free paper products containing
100 percent post consumer content and
soy-based inks for most printed materials.

+ Serve organic fair-trade coffee (pesticide-
free, grown and harvested in a manner
supporting wildlife and bird habitats, pur-
chased from local farmers at a fair price).

+ Serve sustainable foods including pork
from pigs and beef from cattle raised with-
out hormones or antibiotics in humane
facilities.

+ Offer a variety of environmentally-friendly
products in its retail outlets as part of its
“Sustain the Earth Campaign,” including
products made from recycled fabric, glass,
paper, and wood.

In 2008, Xanterra began supplying guests in

its lodging facilities with more sustainable

toiletries, including products packaged in a

corn-based biodegradable material, which

annually diverts an average of 280,000

plastic bottles from the landfill.

Xanterra and the NPS collaborated on
building two new employee housing units to
LEED standards. (See page 181.) The homes
are constructed to reduce energy consump-
tion (such as using R38 walls, Energy Star
appliances, double pane windows, solar
panels) and water consumption (two-button
low-flush toilets, efficient fixtures), and to
use post-consumer content materials. The
solar panels produce 5 million btu in elec-
tricity annually.

GreenPath: Delaware North

Delaware North Companies, which operates
twelve general stores in the park, calls its
EMS “Green Path.” This EMS was the first
in Yellowstone to attain ISO 14001
Registration, which means it exceeds strict
environmental standards recognized inter-
nationally. Practices include:

+ Purchase responsibly wherever possible.
For example, using biodegradable dish-

ware and cutlery in food service opera-
tions, which are then composted at a local
facility.

 Conserve energy by bringing hybrids into
its fleet of vehicles.

+ Conserve water by installing low flow
showerheads, kitchen sprayers, waterless
urinals, and toilets.

« Eliminate the use of hazardous materials
and waste where possible. For example,
chemical film processing was replaced with
digital photo processing, eliminating the
use of many chemicals and the generation
of hazardous waste.

+ Operate an aggressive recycling program,
annually collecting over 120 tons from over
22 different types of materials.

« Incorporate environmentally friendly
materials and practices when remodeling
the stores, while maintaining the integrity
of historic structures.

 Partner with the NPS, other concessioners,
nonprofit organizations, and others to
improve environmental efforts in the
greater Yellowstone area.

« Train seasonal associates to carry out the
program and educate visitors at each store.

The YES! Initiative

In 2007, in concert with the Yellowstone
Park Foundation, the park launched the
“Yellowstone Environmental Stewardship
(YES!) Initiative.” YES! is a multi-year plan
to elevate the park as a worldwide leader in
operational environmental stewardship.
This program enables Yellowstone to build
upon its sustainability successes to further
reduce the ecological footprint of its opera-
tions and decrease consumption of natural
resources.

YES! intends to achieve the following goals
by 2016:

« reduce greenhouse gas emissions by 30%
« reduce electricity consumption by 15%

« reduce fossil fuel consumption by 18%

+ reduce water consumption by 15%

« divert 100% of solid waste from landfills
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A wilderness, in contrast with those areas where man and his own

works dominate the landscape, is . . . an area where the earth and its

Wilderness in the

Issues: community of life are untrammeled by man, where man himself is a
Wilderne SS visitor who does not remain . . . an area of undeveloped federal land
retaining its primeval character and influence, without permanent
improvements or human habitation, which is protected and managed
so as to preserve its natural condition. . .. The Wilderness Act of 1964
The Issue Backcountry Statistics

In 1972, 90% of Yellowstone
National Park was recommended for
federal wilderness designation.
Congress has not acted on this rec-
ommendation.

History

1964: Wilderness Act becomes law.

1972: National Park Service
recommends 2,016,181 acres in
Yellowstone as wilderness.

1994: YNP writes a draft Backcountry
Management Plan (BCMP) and
environmental assessment, which
is never signed. The BCMP begins
to provide management guidance
even though not official docu-
ment.

1999: Director’s Order 41 (DO 41)
issued to guide NPS efforts to
meet the letter and spirit of the
1964 Wilderness Act. It states that
recommended wilderness must be
administered to protect wilderness
resources and values.

2003: NPS Intermountain Region
implements a Minimum
Requirement Policy to evaluate
proposed management actions
within proposed wilderness areas.

* Approximately 1,000 miles of trail.

¢ 72 trailheads within the park; 20
trailheads on the boundary.

¢ 301 designated backcountry
campsites.

* Approximately 13% of back-
country users travel with boats
and 17% travel with stock.

¢ During 2007: 16,360 overnight
backcountry visitors spent an
average of 2.3 nights in the wil-
derness.

Areas of Concern for Park

Wilderness

* Accommodating established
amount of visitor use.

¢ Protecting natural and cultural
resources.

¢ Managing administrative and
scientific use.

* Monitoring & implementing Limits
of Acceptable Change (LAC).

¢ Educating users in Leave No Trace
practices.

Current Status

Yellowstone does not yet have a wil-
derness plan to manage wilderness
within the park.

Yellowstone National Park has always man-
aged its backcountry to protect natural and
cultural resources and to provide visitors
the opportunity to enjoy a pristine environ-
ment within a setting of solitude. Yet none
of the park is designated as federal wilder-
ness under the Wilderness Act of 1964.

In 1972, in accordance with that law, the
Secretary of the Interior recommended

2,016,181 acres of Yellowstone’s backcountry

be designated as wilderness. Although
Congress has not acted on this recommen-

dation, these lands are managed so as not to

preclude wilderness designation in the
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future. The last Yellowstone wilderness rec-
ommendation sent to Congress was for
2,032,721 acres.

National Park System

Congress specifically included the National
Park Service in the Wilderness Act and
directed the NPS to evaluate all its lands for
suitability as wilderness. Lands evaluated
and categorized as “designated,” “recom-
mended,” “proposed,” “suitable,” or “study
area” in the Wilderness Preservation System
must be managed in such a way as 1) to not
diminish their suitability as wilderness, and
2) apply the concepts of “minimum require-
ments” to all management decisions affect-
ing those lands, regardless of the wilderness
category.

Director’s Order 41

Director’s Order 41, issued in 1999, provides
accountability, consistency, and continuity
to the National Park Service’s wilderness
management program, and guides the NPS
efforts to meet the letter and spirit of the
1964 Wilderness Act. Instructions include:

« “ .. all categories of wilderness
(designated, recommended, proposed, etc.)
must be administered by the NPS to pro-
tect wilderness resources and values, i.e.,
all areas must be managed as wilderness.”

 “Park superintendents with wilderness
resources will prepare and implement a
wilderness management plan or equivalent
integrated into an appropriate planning
document. An environmental compliance
document, in keeping with NEPA require-
ments, which provides the public with the
opportunity to review and comment on the
park’s wilderness management program,
will accompany the plan.”

Minimum Requirement Analysis

The Intermountain Regional Director said
“all management decisions affecting wilder-
ness must be consistent with the minimum
requirement concept.” This concept allows
managers to assess:

« if the proposed management action is
appropriate or necessary for administering
the area as wilderness and does not impact



wilderness significantly

+ what techniques and type of equipment are
needed to minimize wilderness impact.

Superintendents apply the minimum
requirement concept to all administrative
practices, proposed special uses, scientific
activities, and equipment use in wilderness.
They must consider potential disruption of
wilderness character and resources before,
and give significantly more weight than,
economic efficiency and convenience. If
wilderness resource or character impact is
unavoidable, the only acceptable actions are
those preserving wilderness character or
having localized, short-term adverse
impacts.

Wilderness Designation and
Current Practices in Yellowstone

As managers develop a wilderness plan for
Yellowstone, they must determine how
current practices in the park will be handled
within the proposed wilderness areas:

+ Protecting natural and cultural resources
while also maintaining the wilderness

Proposed wilderness area, in brown

character of the park’s backcountry.

« Managing administrative and scientific use
to provide the greatest contribution with
the minimum amount of intrusion in the
wilderness.

Monitoring Limits of Acceptable Change
(LAC) to develop and enact long-range
strategies to better protect wilderness
resources and enhance visitor experiences.

« Minimizing visitor wilderness recreation
impact by educating users in Leave No
Trace outdoor skills and ethics that
promotes responsible outdoor recreation.

Outlook

Yellowstone will continue to manage its
backcountry to protect park resources and
provide a wilderness experience to park
visitors. Park managers are developing a wil-
derness plan to best manage and preserve
the wilderness character that Yellowstone’s
backcountry has to offer. Yellowstone will
then wait for the time when Congress will
act upon the recommendation to officially
designate Yellowstone’s wilderness.
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Winter
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The Issue 2000, December: Snowmobile group

We have debated appropriate winter
use in Yellowstone for over 75 years.

Winter Use Goals

* Provide a high quality, safe and
educational winter experience.

* Provide for visitor and employee

health and safety.

Preserve pristine air quality.

Preserve natural soundscapes.

Mitigate impacts to wildlife.

Minimize adverse economic

impacts to gateway communities.

History: See also timeline

1932: First request to park managers
to plow roads year-round.

1949: First visitors using motorized
oversnow vehicles (snowplanes).

1955: Snowcoaches enter the park.

1963: First snowmobiles (six, total)
enter the park.

1967: Congressional hearing held
on plowing park roads year-round.

1968: Yellowstone managers decide
to formalize over-snow use instead
of plowing.

1971: Managers begin grooming
roads and Yellowstone Park Co.
opens Old Faithful Snowlodge.

1990: NPS issues first winter-use
environmental assessment (EA) for
Yellowstone and Grand Teton.

1997: NPS is sued by groups who
believe bison used groomed roads
to leave the park, which led to
their slaughter. NPS must develop
a new winter-use environmental
impact statement (EIS).

1999: Draft EIS released; +46,000
public comments received.

2000: Final EIS released, banning
snowmobiles and converting to
snowcoach-only transportation.

files suit challenging the ban.

2001: NPS settles with snowmobilers’
group by agreeing to prepare a
supplemental EIS (SEIS).

2002: Draft SEIS released; +357,000
comments received.

2003, December 11: Final rule pub-
lished in Federal Register to allow
950 Best Available Technology
(BAT), guided snowmobiles daily.

2003-2004: Federal court decisions
void previous decisions. NPS writes
a new EA, allowing 750 BAT,
guided snowmobiles daily; 95,000
comments received.

2004-2007: Winter use proceeds per
the 2004 EA.

2007: Winter Use Plans EIS released,
which allows 540 BAT, guided
snowmobiles in the park daily;
122,000 comments received; final
rule published in December.

2008, September-December:

Federal court decisions cancel the
new winter plan.

2008, December 15: Winter
season opens with a modified ver-
sion of the winter plan followed in
2004-2007, allowing 720 BAT,
guided snowmobiles daily.

2009, Interim winter-use plan for the
next two winters allows 318 BAT,
guided snowmobiles and 78 snow-
coaches daily; a new EIS for long-
term winter use in Yellowstone
National Park is being drafted.

Updates: www.nps.goviyelliplanyour
visitiwinteruse.htm
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Background

Winter use in Yellowstone has been the
subject of debate for more than 75 years.
At least twelve times since 1930, the
National Park Service (NPS), its interested
observers, and park users have formally
debated what Yellowstone should look and
be like in winter.

Beginning in the early 1930s, communities
around the park began asking the NPS to
plow Yellowstone’s roads year-round so
tourist travel and associated spending in
their communities would be stimulated.
Each time, the NPS resisted, citing non-
winterized buildings, harsh weather
conditions, and roads too narrow for snow
storage. Meanwhile, snowbound entrepre-
neurs in West Yellowstone began experi-
menting with motorized vehicles capable of
traveling over snow-covered roads. In 1949,
they drove the first motorized winter visi-
tors into Yellowstone in snowplanes, which
consisted of passenger cabs set on skis and
blown about (without becoming airborne)
with a rear-mounted airplane propeller and
engine. In 1955, they began touring the park
on snowcoaches (then called snowmobiles),
enclosed oversnow vehicles capable of
carrying about ten people. Finally, in 1963
the first visitors on modern snowmobiles
entered Yellowstone; not long after, snow-
mobiling became the dominant way to tour
the park in winter.

Still, pressure to plow park roads persisted,
and Yellowstone authorities knew that they
could not accommodate both snowmobiles
and automobiles. The matter culminated in
a congressional hearing in Jackson,



Wyoming, in 1967. By this time, park
managers felt plowing would dramatically
alter the look and feel of the park’s winter
wilderness. They thought snowmobiles
offered a way to accommodate visitors while
preserving a park-like atmosphere. Thus, an
oversnow vehicle program was formalized.
In 1971, park managers began grooming
snowmobile routes to provide smoother,
more comfortable touring, and also opened
Old Faithful Snowlodge so visitors could
stay overnight at the famous geyser.

Throughout the 1970s, 80s, and early 90s,
visitation by snowmobile grew consistently.
This brought unanticipated problems such
as air and noise pollution, conflicts with
other users, and wildlife harassment.

In 1990, recognizing that in solving one
problem, others were developing, park man-
agers completed the Winter Use Plan
Environmental Assessment for Yellowstone
and Grand Teton national parks and the
John D. Rockefeller, Jr. Memorial Parkway.
This plan formalized the park’s existing
winter use program and included a commit-
ment to examine the issue further if winter
visitation exceeded certain thresholds. The
threshold of 143,000 visitors was exceeded
in the winter of 1992-1993, eight years
earlier than the plan predicted.

According to the 1990 plan, then, the NPS
began an analysis of all types of winter
recreation on all NPS and Forest Service
(USFS) lands in the greater Yellowstone
area. Park and forest staff used scientific
studies, visitor surveys, and public com-
ments to analyze the issues or problems
with winter use. The final report, Winter Use
Management: A Multi-Agency Assessment,
published in 1999, made many recommen-
dations to park and forest managers and
summarized the state of knowledge regard-
ing winter use at that time.

Unfortunately, the assessment did not
change conditions in the parks. By the late
1990s, an average of 795 snowmobiles
entered the park each day. All were two-
stroke machines, which used a mix of oil
and gas for combustion, resulting in high
levels of pollution. Carbon monoxide pollu-
tion was especially severe, coming close to
violating the Clean Air Act’s standards at
the West Entrance in one event. Particulate
and some hydrocarbon levels were also
high. Two-stroke machines were also loud,

making it difficult to experience natural
silence in the Firehole Valley on many days.
Visitors traveling by snowmobile lacked the
experience necessary to pass bison and
other wildlife without causing harassment.
Complaints about these conditions became
common.

Winter
Use

A Decade of Planning & Litigation

The winter of 1996-1997 was one of the
three harshest winters of the 20th century,
with abundant snow, cold temperatures, and
a thick ice layer in the snowpack. Unable to
access the forage under the ice, more than
1,000 bison left the park and were shot or
shipped to slaughter amid concerns they
could transmit brucellosis to cattle in
Montana. (See the section on bison manage-
ment in this chapter.) Concerned that
groomed roads increased the number of
bison leaving the park and being killed, the
Fund for Animals and other groups filed
suit in the U.S. District Court for the
District of Columbia against the NPS in
May 1997. The groups alleged that the NPS
had failed to examine the environmental
impacts of winter use. In 1999, Bluewater
Network filed a legal petition with the NPS
to ban snowmobiles from all national park
units nationwide. These two actions inaugu-
rated a decade of winter use planning and
associated lawsuits, and catapulted the issue
into one of the NPS’s most visible and
enduring environmental controversies.

The table on the next page summarizes

the winter-use environmental documents
produced by the NPS since 1998, along with
the decisions, the number of comments
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Winter visitation
exceeds thresh-
old of 140,000
people per year,
8 years earlier
than expected.

€661

NPS begins to
evaluate

in the greater
Yellowstone
area.

winter recreation

L661

Fund for Animals
files lawsuit;
results in NPS
agreeing to
develop a new
winter use plan

and EIS.

6661
000¢C

Draft EIS released.
Bluewater Network
and other organi-
zations petition to
prohibit trail
grooming and
snowmobile use in
all national parks.

Final EIS released
and Record of
decision signed.
Snowmobile
group sues to
stop this winter
plan.

100T

Snowmobilers

lawsuit settled,
which requires
NPS to prepare
SEIS.

Concerns
Raised by the
Public
overcrowding

visitor impacts on
natural resources

noise & air
pollution
availability of
facilities and
services

restricting snow-
mobiles, including
requiring guides
restricting snow-
mobiles on side
roads

received from the public, the associated
litigation, and the legal outcomes. Each
document was a product of its era, reflect-
ing the state of scientific knowledge, tech-
nology, and sociopolitical climate. The first
draft EIS (in 1999) proposed plowing the
road from West Yellowstone to Old Faithful.
Public comment did not favor plowing, and
unmanaged snowmobile use was deemed to
impair park resources. Therefore, park
managers opted to ban snowmobiles and
allow only snowcoaches in the final EIS. At
the time, Best Available Technology (BAT)
snowmobiles were not commercially
available.

Since that EIS, environmental documents
have proposed addressing the winter-use

problems using a combination of new tech-
nologies, limits on vehicle numbers, manda-
tory guiding, and monitoring winter-use
impacts on park resources. All documents
proposed allowing a combination of snow-
mobiles and snowcoaches, with the snow-
mobile numbers decreasing from plan to
plan and snowcoach numbers remaining
consistent. By 2002, BAT snowmobiles were
commercially available; these machines
used new technologies to dramatically
reduce emissions and somewhat reduce
noise. Requiring visitors to tour with snow-
mobile guides or in commercially guided
snowcoaches reduced the conflicts with
wildlife. Resource monitoring allowed the
NPS to gauge the effects of these actions

importance of
winter visitation
to the local and
regional economy
wildlife using
groomed roads
displacing wildlife
health &

human safety
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Year | Action: Decision Number Lawsuit Brought By Legal Outcome

of Public
Comments

1998 | EA: Do not close Hayden | 2,742 Fund for Animals (FFA) Upheld by U.S. District
Valley to study bison use Court for the District of
of groomed roads Columbia (D.C. Court)

2000 | EIS: Ban Snowmobilesin | 46,000 State of Wyoming, Vacated by U.S. District
favor of snowcoaches International Snowmobile Court for the District of

Manufacturer’s Association Wyoming (Wyoming Court)
(ISMA), and BlueRibbon
Coalition (BRC)

2003 | SEIS: Allow 950 357,000 Greater Yellowstone Coalition | Vacated by D.C. Court
Snowmobiles (all Best (GYC) and FFA
Available Technology
[BAT]; all guided)

2004 | EA: Allow 720 95,000 ISMA, State of Wyoming, Upheld by Wyoming Court;
Snowmobiles (all BAT; Wyoming Lodging and not ruled upon in D.C.;
all commercially guided) Restaurant Association, and reinstated in 2008 and still
(valid only through 2006- FFA being challenged
2007)

2007 | EIS: Allow 540 122,000 State of Wyoming, ISMA, Vacated by D.C. Court.
Snowmobiles (all BAT; all GYC, and National Parks Wyoming court would
commercially guided) Conservation Association have upheld the EIS; the

NPS reinstated 2004 rule to
provide certainty for winter
visitation in the winter of
2008-09.

2008 | EA: Allow 318 snow- 27,000 Pending
mobiles (all BAT; all
commercially guided)
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Feb: Another federal
Judge stops phase-
out; requires tempo-
rary rules for rest of
winter.

Aug: EA for tempo-
rary winter plan
released.

Nov: Plan approved.

March: Record of
decision signed.
Dec 11: Final rule
published in Federal
Register.

Dec 16: Federal
judge directs YNP
to begin phasing
out snowmobiles.

Draft SEIS
released;
>350,000
comments
received.

and take further protective actions. These
changes largely eliminated the problems of
the past.

Each of the winter use plans was litigated.
The Fund for Animals, the Greater Yellow-
stone Coalition, and other environmental
groups consistently sue in the U.S. District
Court for the District of Columbia. The
International Snowmobile Manufacturer’s
Association, the State of Wyoming, the
BlueRibbon Coalition, and others consis-
tently file their lawsuits in the U.S. District
Court for the District of Wyoming. Litigants
have found some traction in each of their
courts, with varying degrees of success on
any given environmental document.
Certainly, the litigation is one of the factors
accounting for the ongoing nature of the
winter use debate. In each decision against
it, the NPS has responded by addressing the
concerns of the courts.

Improving Conditions in the Parks

With the conversion to BAT snowmobiles,
mandatory guiding, and limited numbers
of snowmobiles, conditions in the park
dramatically improved. The number of
snowmobiles per day averaged 296 for the
winters of 2006-07 and 2007-08, while the
daily average of snowcoaches increased
from 15 in the late 1990s to 35 for these two
winters. (Peak use those winters was 557
snowmobiles and 60 snowcoaches.) In
2008-2009, with legal uncertainties and the
economic downturn, use dropped to an
average of 205 snowmobiles and 29 snow-
coaches per day.

When measured in commercially-guided
groups, snowmobile and snowcoach use
levels are similar. In 2007-2008, for example,
there was an average of 36 snowmobile
groups per day and 9.3 people per group.
Snowcoaches averaged 35 per day and 8.8
people per coach.

Overall, the number of oversnow visitors is
lower than historic levels, though visitors
entering the North Entrance by car have

L00T
800¢T
600T

March: Draft Courts stop Dec. 15:
FEIS released: new winter Winter season
122,000 com- plan. opens under
ments. Dec. 15: Interim Winter
Dec.: Final rule Winter season  Use Plan
published in opens using  New winter use
Federal modified plan  EIS process will
Register. from 2004~ begin in 2010.
2007.

increased from an average of 40,000 to over
50,000 each winter.

Levels of carbon monoxide and particulates
fell dramatically with conversion to BAT
snowmobiles and reduced vehicle numbers.
Hydrocarbon and air toxic concentrations
are also no longer a concern, with the possi-
ble exception of formaldehyde and benzene
levels, which are being closely monitored.
BAT snowmobiles and snowcoaches pro-
duce a similar amount of air pollution on a
per passenger basis.

Noise levels also have fallen somewhat.
Although snowmobiles and snowcoaches
are commonly heard during certain periods
of the day, their noise is absent during other
times—even in developed areas like Old
Faithful and along busy corridors like the
West Entrance Road. Oversnow vehicles are
audible 67 percent of the day at Old Faithful
and 54 percent of the day at Madison
Junction, on average. (NPS vehicles account
for approximately one-fourth of this noise.)
In a new long-term plan, the NPS hopes to
implement BAT requirements for snow-

coaches, which will reduce noise even more.

Snowcoaches account for 94 percent of the

Winter
Use
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loud oversnow vehicles. Guided snowmobile
groups and snowcoaches contribute nearly
equally to the percent of time oversnow
vehicles are heard.

Winter
Use

Making all visitors use a commercial guide
has nearly eliminated wildlife harassment.
Guides enforce proper touring behaviors,
such as passing wildlife on or near roads
without harassment and ensuring that wild-
life do not obtain human food. Monitoring
indicates that snowcoaches have a slightly
higher probability of disturbing wildlife
than do snowmobiles.

Situation
& Outlook

With commercial guiding has come a

50 percent reduction of law enforcement
incidents, even when accounting for the
drop in visitation. Arrests have virtually
disappeared. Calls for medical assistance
are the only statistic that has increased since
the conversion to mandatory guiding.

The recent science on winter use indicates
park resources are in very good condition.
For each topic monitored, the NPS now
understands that both snowmobiles and
snowcoaches are contributing similarly to
the measured impacts of winter use. The
perception that snowmobiles are contribut-
ing to the vast majority of observed effects,
and that those effects would greatly dimin-
ish with snowcoaches only, is not supported
by the research. When managed, as they

Visitor Survey Results

The University of Montana conducted a survey of winter visitors in

2007-2008:

¢ Almost 90% of those surveyed agreed that Yellowstone is a place for
natural quiet and to hear natural sounds.

* 83% were somewhat or very satisfied with their experience of natural
sounds.

¢ 71% indicated that they found the level of natural sound they desired for

half or more of the time they desired it.

87% were "very satisfied” with their overall experience.

The remaining 13% were “satisfied.”

71% considered the opportunity to view bison to be extremely important.

87% reported that this aspect of their Yellowstone winter experience was

very satisfying.

* 99% who saw bison in winter were able to see them behaving naturally.

* 21% witnessed an encounter where the bison were hurried, took flight, or
acted defensively.

* More than 72% largely considered the bison-human interactions they
witnessed and the park setting as a whole as “very” appropriate and/or
acceptable.
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have been for the past five winters, both
modes of transportation provide opportuni-
ties for visitors to enjoy the park. Each can
offer different experiences for visitors, just
as cross-country skiing, snowshoeing, and
walking offer different opportunities for
visitors to enjoy the park in the winter.

Current Situation & Outlook

As expected, litigation continues. In 2008,
the Wyoming Court reinstated the 2004
rule, and Yellowstone operated under this
rule for the winter of 2008-2009, which
allowed up to 720 BAT, commercially guided
snowmobiles and 78 snowcoaches per day.
This reinstated rule has been challenged in
both the U.S. District Court for the District
of Columbia and the United States Tenth
Circuit Court of Appeals. As of November
2009, both cases are pending.

In 2008 and 2009, the NPS proceeded to
implement the Interim Winter Use Plan for
Yellowstone National Park. The plan allows
up to 318 commercially guided, BAT snow-
mobiles and up to 78 commercially guided
snowcoaches a day in the park for the
2009-2010 and 2010-2011 winter seasons.

It also continues to provide for motorized
oversnow travel over Sylvan Pass and the
East Entrance Road.

During the next two years, the NPS will
prepare a new EIS and a new longterm plan
for winter use in Yellowstone National Park,
using the best available science and working
with all stakeholders during the process.

Yellowstone is clearly cherished by much of
the public, portions of whom have strong
opinions about appropriate park policies. As
the NPS looks to the future, the agency
maintains its commitment to the winter use
goals listed in the summary box. The park
will be open for winter use and the agency
welcomes all to visit and to participate in the
discussions about future winter use
management.



Welcoming the wolves on January 12, 1995.

The gray wolf (Canis lupus) was present in
Yellowstone when the park was established
in 1872. Predator control, including poison-
ing, was practiced here in the late 1800s and
early 1900s. Between 1914 and 1926, at least
136 wolves were killed in the park; by the
1940s, wolf packs were rarely reported.

An intensive survey in the 1970s found no
evidence of a wolf population in Yellow-
stone, although an occasional wolf probably
wandered into the area. A wolf-like canid
was filmed in Hayden Valley in August 1992,
and a wolf was shot just outside the park’s
southern boundary in September 1992.
However, no verifiable evidence of a breed-
ing pair of wolves existed. During the 1980s,
wolves began to reestablish breeding packs
in northwestern Montana; 50-60 wolves
inhabited Montana in 1994.

Restoration Proposed

NPS policy calls for restoring native species
when: a) sufficient habitat exists to support
a self-perpetuating population, b) manage-
ment can prevent serious threats to outside
interests, c) the restored subspecies most
nearly resembles the extirpated subspecies,
and d) extirpation resulted from human
activities.

The U.S. Fish & Wildlife Service (USFWS)
1987 Northern Rocky Mountain Wolf
Recovery Plan proposed reintroduction of
an “experimental population” of wolves into
Yellowstone. (An experimental population,
under section 10(j) of the Endangered
Species Act, is considered nonessential and
allows more management flexibility.) Most
scientists believed that wolves would not
greatly reduce populations of mule deer,
pronghorns, bighorn sheep, white-tailed
deer, or bison; they might have minor effects
on grizzly bears and cougars; and their

Issues:
Wolf
Restoration

The Issue
The wolf is a major predator that
had been missing from the Greater
Yellowstone Ecosystem for decades
until its restoration in 1995.

History

Late 1800s-early 1900s: predators,
including wolves, are routinely
killed in Yellowstone.

1926: The last wolf pack in
Yellowstone is killed, although
reports of single wolves continue.

1974: The gray wolf is listed as

cattle

1995-2003: Wolves prey on livestock
outside Yellowstone much less
than expected: 256 sheep, 41

2005: Wolf management transfers
from the federal government to
the states of Idaho and Montana.

2008: Wolf populations in Montana,
Idaho, & Wyoming removed from
the endangered species list, then
returned to the list.

Current Status
¢ As of January 2010, 400-450

endangered; recovery is mandated
under the Endangered Species
Act.

1975: The long process to restore
wolves in Yellowstone begins.

1991: Congress appropriates money
for an EIS for wolf recovery.

1994: EIS completed for wolf reintro-
duction in Yellowstone and central
Idaho. More than 160,000 public
comments received—the largest
number of public comments on
any federal proposal at that time.

1995 and 1996: 31 gray wolves from
western Canada relocated to
Yellowstone.

1997: U.S. District Court judge orders
the removal of the reintroduced
wolves in Yellowstone, but stays

wolves live in the greater
Yellowstone area.

+120 wolves live in Yellowstone
National Park.

The leading natural cause of
mortality in Yellowstone National
Park is wolves killing other wolves.
Researchers are studying the
impact of wolf restoration on
cougars, coyotes, bears, and elk.
Wolf populations in Montana &
Idaho have been removed from
the federal endangered species
list.

Wolf populations in Wyoming
(including Yellowstone's) remain
on the federal endangered species
list. A legal challenge to this
decision is in the courts.

his order, pending appeal.
2000: January, the decision is
reversed.

presence might cause the decline of coyotes
and increase of red foxes.

In 1991, Congress provided funds to the
USFWS to prepare, in consultation with the
NPS and the U.S. Forest Service, an envi-
ronmental impact statement (EIS) on resto-
ration of wolves. In June 1994, after several
years and a near-record number of public
comments, the Secretary of the Interior
signed the Record of Decision for the final
EIS for reintroduction of gray wolves to
Yellowstone National Park and central
Idaho.
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Wolf
Restoration

Released from the
cage into the pen.

One of the reintro-
duction pens
remains standing.
Park managers are
discussing if it
should be left as a
historic site or taken
down to return the
site to its natural
condition.
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in Yellowstone  relocated to endangered Population in park July: returned Montana &
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than 160,000 killing 2/3 of the but 22 of the
comments pups. year’s pups.
received.
7 together in each release pen. On January 23,

Staff from Yellowstone, the USFWS, and
participating states prepared for wolf
restoration to the park and central Idaho.
The USFWS prepared special regulations
outlining how wolves would be managed as
an experimental population.

Park staff completed site planning and
archeological and sensitive plant surveys for
the release sites. Each site was approximate-
ly one acre enclosed with 9-gauge chain-link
fence in 10 x 10 foot panels. The fences had
a two-foot overhang and a four-foot skirt at
the bottom to discourage climbing over or
digging under the enclosure. Each pen had a
small holding area attached to allow a wolf
to be separated from the group if necessary
(i.e., for medical treatment). Plywood boxes
provided shelter if the wolves wanted isola-
tion from each other.

Relocation & Release

In late 1994 and early 1995, and again in
1996, USFWS and Canadian wildlife
biologists captured wolves in Canada and
relocated and released them in both
Yellowstone and central Idaho. In mid-Janu-
ary 1995, 14 wolves were temporarily
penned in Yellowstone; the first 8 wolves on
January 12 and the second 6 on January 19,
1995. Wolves from one social group were

1996, 11 more wolves were brought to
Yellowstone for the second year of wolf res-
toration. Four days later they were joined by
another 6 wolves. The wolves ranged from
72 to 130 pounds in size and from approxi-
mately nine months to five years in age.
They included wolves known to have fed on
bison. Groups included breeding adults and
younger wolves one to two years old.

Each wolf was radio-collared as it was
captured in Canada. While temporarily
penned, the wolves experienced minimal
human contact. Approximately twice a
week, they were fed elk, deer, moose, or
bison that had died in and around the park.
They were guarded by law enforcement
rangers who minimized how much wolves
saw of humans. The pen sites and surround-
ing areas were closed to visitation and
marked to prevent unauthorized entry.
Biologists checked on the welfare of wolves
twice each week, using telemetry or visual
observation while placing food in the pens.
Although five years of reintroductions were
predicted, no transplants occurred after
1996 because of the early success of the
reintroductions.

Some people expressed concern about
wolves becoming habituated to humans
while in captivity. However, wolves typically
avoid human contact, and they seldom
develop habituated behaviors such as scav-
enging in garbage. Captivity was also a neg-
ative experience for them and reinforced
their dislike of humans.

Lawsuits

Several lawsuits were filed to stop the
restoration on a variety of grounds. These
suits were consolidated, and in December
1997, the judge found that the wolf reintro-
duction program in Yellowstone and central
Idaho violated the intent of section 10(j) of
the Endangered Species Act because there
was a lack of geographic separation between
fully protected wolves already existing in



Montana and the reintroduction areas in
which special rules for wolf management
apply. The judge wrote that he had reached
his decision “with utmost reluctance.” He
ordered the removal (and specifically not
the killing) of reintroduced wolves and their
offspring from the Yellowstone and central
Idaho experimental population areas, but
immediately stayed his order pending
appeal. The Justice Department appealed
the case, and in January 2000 the decision
was reversed.

Results of the Restoration

Preliminary data from studies indicate that
wolf recovery will likely lead to greater
biodiversity throughout the Greater Yellow-
stone Ecosystem (GYE). Wolves have preyed
primarily on elk and these carcasses have
provided food to a wide variety of other ani-
mals, especially scavenging species. They
are increasingly preying on bison, especially
in late winter. Grizzly bears have usurped
wolf kills almost at will, contrary to predic-
tions and observations from other areas
where the two species occur. Wolf Kkills,
then, provide an important resource for
bears in low food years. Aggression toward
coyotes initially decreased the number of
coyotes inside wolf territories, which may
have benefited other smaller predators,
rodents, and birds of prey.

So far, data suggests wolves are contributing
to decreased numbers of elk calves surviv-
ing to adulthood and decreased survival of
adult elk. Wolves may also be affecting
where and how elk use the habitat. Some

of these effects were predictable, but were
based on research in relatively simple
systems of one to two predator and prey
species. Such is not the case in Yellowstone,
where four other large predators (black and
grizzly bears, coyotes, cougars) prey on
elk—and people hunt the elk outside the
park. Thus, interactions of wolves with elk
and other ungulates has created a new
degree of complexity that makes it difficult
to project long-term population trends.

The effect of wolf recovery on the dynamics
of northern Yellowstone elk cannot be
generalized to other elk populations in the
GYE. The effects depend on a complex of
factors including elk densities, abundance
of other predators, presence of alternative
ungulate prey, winter severity, and—outside
the park—land ownership, human harvest,

livestock depredations, and human-caused
wolf deaths. A coalition of natural resource
professionals and scientists representing
federal and state agencies, conservation
organizations and foundations, academia,
and land owners are collaborating on a
comparative research program involving
three additional wolf-ungulate systems in
the western portion of the GYE. Results to
date indicate the effects of wolf predation
on elk population dynamics range from
substantial to quite modest.

Wolf
Restoration

See Chapter 2 for
more information
on changes to the
ecosystem.
Delisting

The biological requirement for removing the

wolf from the endangered species list has

been achieved: Approximately 300 wolves

and three years of 30 breeding pairs across

the three recovery areas. The USFWS also

has approved the wolf management plans of

Idaho, Montana, and Wyoming. As a result,

in 2008, the USFWS delisted the wolves in

these three states, and in Yellowstone and

Grand Teton national parks. Several envi-

ronmental groups sued to stop the delisting.

They argued that a genetically viable wolf

population had not developed in the GYE

beyond the national park, and that the

Wyoming wolf management plan was

flawed because it allowed wolves outside the

GYE to be shot on sight as predators. A

court decision required the wolf be listed

again as an endangered species. In 2009, the

USFWS again delisted the wolf populations

in Montana and Idaho, but not in Wyoming.

Alegal challenge to this delisting is pending.

Outlook

The wolves’ future is secure. Approximately
1600 wolves live in the three-state area—
well above the minimum delisting require-
ments. Yellowstone National Park’s wolf
population declined in 2008 and 2009, likely
a natural adjustment to the available food
supply. The Yellowstone wolf population is
not in danger.
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For More
Information

www.nps.gov/yell

www.greateryellowstone-
science.org/index.html

Yellowstone Science, free
from the Yellowstone
Center for Resources, in
the Yellowstone Research
Library, or online at
www.nps.gov/yell.

Yellowstone Today,
distributed at entrance
gates and visitor centers.

Site Bulletins, published
as needed, provide more
detailed information

on park topics such as
bioprospecting and wolf
restoration. Free; available
upon request from visitor
centers.

Yellowstone Resources
& Issues 2010

194

Aquatic Invaders
Staff reviewer: Todd M. Koel,
Supervisory Fishery Biologist
www.100thmeridian.org
nas.er.usgs.gov

WWW.5gnis.org

Benhke, R.J. 1992. Native Trout of
Western North America. Monograph
6. Bethesda, MD: American Fisheries
Society.

Crait, J. R. and M. Ben-David. 2006. River
otters in Yellowstone Lake depend on a
declining cutthroat trout population. J
Mammalogy. 87: 485-494.

Crait, J. R. et al. 2004. Influence of
biopollution on ecosystem processes:
the impact of introduced lake trout
on streams, predators, and forests in
Yellowstone National Park. Progress
report. Environmental Protection
Agency.

Crait, J. R. and M. Ben-David. 2003. The
impact of introduced lake trout on river
otters in Yellowstone National Park.
Progress report. National Park Service.

Elle, Steven. 1997. Comparative infection
rates of cutthroat and rainbow trout
exposed to Myxobolus cerebralis in Big
Lost River, Idaho during June, July, and
August. Whirling Disease Symposium,
Logan, UT.

Gunther, Kerry. Grizzly bears and cut-
throat trout: Potential impact of the
introduction of non-native trout to
Yellowstone Lake. Bear Management
Office Information Paper. Number
BMO-9.

Koel, Todd et al. Yellowstone Fisheries &
Aquatic Sciences. Yellowstone National
Park. Annual.

MacConnell, E. et al. 1997. Susceptibility
of grayling, rainbow, and cutthroat
trout to whirling disease by natural
exposure to Myxobolus cerebralis.
Whirling Disease Symposium, Logan,
Ut

Mahony, D.L. and C.J. Hudson. 2000.
Distribution of Myxobolus cerebra-

Iis in Yellowstone cutthroat trout
Oncorhynchus clarki bouvieri in
Yellowstone Lake and its tributaries.
Whirling Disease Symposium, Coeur
d'Alene, Idaho.

Martinez, PA. et al. 2009. Western lake
trout woes. Fisheries. 34(9): 424-442.

Mattson, D. J., and D. P. Reinhart. 1995.
Influences of cutthroat trout on behav-
ior and reproduction of Yellowstone
grizzly bears 1975-1989. Can. J. Zool.
73:2072-2079.

Nickum, D. 1999. Whirling disease in the
United States: a summary of progress in
research and management. Arlington,
VA: Trout Unlimited.

Reinhart, D.P. and D.J. Mattson. 1990.
Bear use of cutthroat trout spawning
streams in YNP. Int. Conf. Bear Res. and

Manage. 8:343-350.

Varley, J. D. and P. Schullery. 1996.
Yellowstone Lake and its cutthroat trout
in Science and Ecosystem Management
in the National Parks. Halvorson, W. L.,
and G. E. Davis, eds. Tucson: U Arizona
Press.

Varley, J. D., and P. Schullery, eds. 1995.
The Yellowstone Lake crisis: confronting
a lake trout invasion. A report to the
director of the NPS. Mammoth, WY:
NPS.

Vincent, E.R. 1996. Whirling disease and
wild trout: the Montana experience.
Fisheries 21(6): 32-33.

Bear Management

Staff reviewer: Kerry Gunther, Bear

Management Biologist

Anderson, C. et al. 2005. Reassessing
methods to estimate population size
and sustainable mortality limits for
the Yellowstone grizzly bear. Report.
Interagency Grizzly Bear Study Team.
Bozeman, MT: MT State U.

Blanchard, B.M. and R R. Knight. 1995.
Biological consequences of relocating
grizzly bears in the Yellowstone ecosys-
tem. J. Wildl. Manage. 59:560-565.

Cole, G. F. 1974. Management involv-
ing grizzly bears and humans in
Yellowstone National Park, 1970-1973.
BioScience 24:6.

Felicetti, L.A. et al. 2003. Use of sulfur
and nitrogen stable isotopes to deter-
mine the importance of whitebark pine
nuts to Yellowstone grizzly bears. Can.
J. Zool. 81:763-770.

Felicetti, L.A. et al. 2004. Use of natu-
rally occurring mercury to determine
the importance of cutthroat trout to
Yellowstone grizzly bears. Can. J. Zool.
82(3):493-501.

Gunther, K.A. et al. 2004. Grizzly bear-
human conflicts in the GYE, 1992-
2000. Ursus. 15(1):10-22.

Gunther, K.A., and D.L. Smith. 2004.
Interactions between wolves and female
grizzly bears with cubs in YNP. Ursus.
15(2):232-238.

Gunther, K.A. et al. 2004. Management
of habituated grizzly bears in North
America in: J. Rahm ed., Trans. of
the 69th North American Wildlife
and Natural Resources Conference.
Washington: Wildlife Management
Institute.

Gunther, K.A. et al. 2002. Probable griz-
zly bear predation on an American
black bear in Yellowstone National Park.
Ursus. 13:372-374.

Haroldson, M.A. et al. 2005. Changing
numbers of spawning cutthroat trout
in tributary streams of Yellowstone
Lake and estimates of grizzly bears
visiting streams from DNA. Ursus.
16(2):167-180.

Haroldson, M.A. et al. 2002. Grizzly bear

denning chronology and movements in
the GYE. Ursus. 13:29-37.

Herrero, S. et al. 2005. Brown bear
habituation to people—safety, risks,
and benefits. Wildlife Society Bulletin.
33(1):362-373.

Kieter, Robert B. 1991. Observations
on the future debate over ‘delist-
ing' the grizzly bear in the GYE. The
Environmental Professional. 13.

Mattson, D.J. et al. 1996. Designing
and managing protected areas for
grizzly bears: how much is enough?

In R. G. Wright, ed. National Parks
and Protected Areas: Their Role in
Environmental Protection. Cambridge:
Blackwell Science.

Podruzny, S.R. et al. 2002. Grizzly bear
denning and potential conflict areas in
the GYE. Ursus. 13:19-28.

Schwartz, C.C. et al. 2002. Distribution of
grizzly bears in the GYE, 1990-2000.
Ursus. 13:203-212.

Servheen, C., M. et al. 2004. Yellowstone
mortality and conflicts reduction.
Report. Missoula, MT: U.S. Fish and
Wildlife Service.

Varley, N., and K.A. Gunther. 2002.
Grizzly bear predation on a bison calf in
YNP. Ursus. 13:377-381.

Wyman, T. 2002. Grizzly bear predation
on a bull bison in YNP. Ursus. 13:375-
377.

Bioprospecting

Staff reviewers: Ann Deutch, Enviro.
Protection Assistant; Sue Mills, Enviro.
Protection Specialist

www.nature.nps.gov/benefitssharing

Bison Management
Staff reviewer: Rick Wallen, Bison
Ecology & Management
www.gyibc.com

www.nps.gov/yell

Cheville, N.F. et al. 1998. Brucellosis
in the Greater Yellowstone Area.
Washington, DC: National Academy
Press.

Irby, L. and J. Knight, eds. 1998.
International Symposium on Bison
Ecology and Management in North
America. Bozeman, MT: MT State U.

Meagher, M. and M. E. Meyer. 1995.
Brucellosis in captive bison. J Wildl. Dis.
31(1):106-110.

Meagher, M. and M. E. Meyer. 1994,
On the origin of brucellosis in bison of
Yellowstone National Park: A review.

Conserv. Biol. 8(3):645-653.

Meyer, M. E. and M. Meagher. 1995.
Brucellosis in free-ranging bison (Bison
bison) in Yellowstone, Grand Teton, and
Wood Buffalo National Parks: A Review.
Letter to the Editor in J. Wildl. Dis.
32(4):579-598.



Climate Change

Staff reviewers: Glenn Plumb, Acting

Chief, Yellowstone Center for

Resources; Roy Renkin, Vegetation

Management Specialist

Bartlein, Patrick and Cathy Whitlock,
Sarah Shafer. 1997. Future climate in
the Yellowstone National Park Region
and its potential impact on vegetation.
Conservation Biology. 11:5 (782-792).

Burns, Catherine and Kevin Johnston,
Oswald Schmitz. 2007. Global
Climate change and Mammalian
Species Diversity in US National Parks.
Proceedings of the National Academy
of Sciences of the United States of
America. 100:20 (11474-11477).

National Park Service. 2006. Special Issue.

Sustainability News. Fall.

Cicerone, Ralph. 2005. Climate Change
Science & Research: Recent and
Upcoming Studies from the National
Academies. Report to Congress. July
20 & 21.

Climate Change Action Committee. 2007.

Report. State of Montana.

EPA. 1999. Climate Change and Public
Lands: National Parks at Risk.

Evanoff, Jim. 2006. YNP Environmental
Management System Review. Report,
draft.

Farnes, Phillip 2002. Natural Variability
in annual maximum water level and
outflow of Yellowstone Lake. In:
Anderson, R.J. and D. Harmon, eds.
Yellowstone Lake: Hotbed of Chaos or
Reservoir of Resilience? Proceedings of
the 6th Biennial Scientific Conference
on the Greater Yellowstone Ecosystem.
Yellowstone National Park.

Gonzalez, Patrick et al. 2007. Potential
impacts of climate change on habitat
and conservation of priority areas for
Lynx Canadensis. Report to The Nature
Conservancy.

Hoffman, Jennie and Eric Mielbrecht.
2007. Unnatural Disaster: Global
Warming and Our National Parks.
National Parks & Conservation
Association.

IPCC. 2007. Climate Change 2007: The
Physical Science Basis (FAQ).

—Summary for Policymakers of the
Synthesis Report of the IPCC Fourth
Assessment Report. November 16.
www.ipcc.ch/index.htm

—Summary for Policymakers. Working
Group 1. October.

—Summary for Policymakers. Working
Group IlI.

Kilham, Susan et al. 1996. Linking plank-
tonic diatoms and climate change in
the large lakes of the Yellowstone
Ecosystem using resource theory.
Limnology and Oceanography. 41:5
(1052-1062).

Lynch, Heather et al. 2006. Influence of
Previous Pine Beetle Activity on the
1988 VYellowstone Fires. Ecosystems. 9:
1318-1327.

Mattson, David and Matthew Reid. 1991.
Conservation of the Yellowstone Grizzly
Bear. Conservation Biology. 5:3(364+).

McMenamin, Sarah et al. 2008. Climatic
change and wetland desiccation cause
amphibian decline in Yellowstone
National Park. PNAS. 105: 16988-
16993.

Meyer, Grant and Jennifer Pierce. 2003.
Climatic controls on fire-induced sedi-
ment pulses in Yellowstone National
Park and central Idaho: a long-term
perspective. Forest Ecology and
Management. 178:89-104.

Millspaugh, Sarah and Cathy Whitlock,
Patrick Bartlein. 2000. Variations in
fire frequency and climate over the
past 17,000 yr in central YNP. Geology.
28(3):211-214.

Murphy, Sue Consolo and Kevin
Schneider. 2002. Reading History
through Crevice Lake sediment records.
Yellowstone Science. 10(1):2-7.

National Academy of Sciences. 2000.
Ecological Indicators for the Nation:
Executive Summary.

National Park Service. Climate Friendly
Program. www.nps.gov/climatefriend-
lyparks

NOAA Magazine. 2007. 2006 warmest
year on record for U.S. January.

Rennicke, Jeff. 2007. A Climate of

Change. National Parks & Conservation
Association.

Romme, William and Monica Turner.
1991. Implications of global climate
change for biogeographic patterns in
the greater Yellowstone ecosystem.
Conservation Biology. 5:3(373-386).

Running, Steven W. 2007. Testimony
before Congress. November 7.

Saunders, Stephen and Maureen
Maxwell. 2005. Less Snow;, Less Water:
Climate Disruption in the West. Rocky
Mountain Climate Organization.
September.

Saunders, Stephen et al. 2006. Losing
Ground: Western National Parks
Endangered by Climate Disruption.
Rocky Mountain Climate Organization
and NRDC. July.

Schweiger, Larry. 2009. Last Chance:
Preserving Life on Earth. Golden, Co:
Fulcrum.

Shafer, S. L, P. J. Bartlein, and C.
Whitlock. 2005. Understanding the
spatial heterogeneity of global environ-
mental change in mountain regions.
Pages 21-30. In: U. M. Huber, H. K. M.
Bugmann, and M. A. Reasoner (eds.),
Global Change and Mountain Regions:
An Overview of Current Knowledge.
Springer, Dordrecht.

Shafer, Sarah, and Patrick Bartlein, Robert
Thompson. 2001. Potential Changes
in the Distributions of Western North
America Tree and Shrub Taxa under
Future Climate Scenarios. Ecosystems.
4:200-215.

Singer, Frances. 1999. Is there a connec-
tion between El Nino and global tem-
peratures? The Science & Environmental
Policy Project.

Stott, Peter et al. 2000. External control
of 20th century temperature by natural
and anthropogenic forcings. Science.
290(5499): 2133-2137.

Tercek, Michael et a;. 2010. Bottom-
up factors influencing riparian wil-
low recovery in YNP. Western North
American Naturalist. In press.

Weart, Spencer. 2003. The Discovery of
Global Warming. Harvard University
Press/Cambridge, MA.

Westerling, A. L. et al. 2006. Warming
and earlier spring increase western
U.S. forest wildlfire activity. Science.
313(5789): 940-943.

Whitlock, Cathy et al. 2007. A 2650-year-
long record of environmental change
from northern Yellowstone National
Park based on a comparison of multiple
proxy data. Quaternary International
(author’s proof).

— et al. 1995. Stability of Holocene
Climate Regimes in the Yellowstone
Region Quatenary Research. 43:
433-436.

— 1993, Postglacial vegetation and
climate of Grand Teton and Southern
Yellowstone national parks Ecological
Monographs. 63(2):173-198.

— and Patrick Bartlein. 1993. Spatial
Variations of Holocene Climatic Change
in the Yellowstone Region. Quatenary
Research. 39:231-238.

Northern Range

Staff reviewer: P.J. White, Supervisory

Wildlife Biologist

Houston, D.B. 1982. The Northern
Yellowstone Elk: Ecology and
Management. New York: Macmillan
Publishing Co.

Huff, D. E. and J.D. Varley. 1999. Natural
regulation in Yellowstone National
Park’s Northern Range. Ecol. Appl.
9(1):17-29.

Krauseman, P. R. 1998. Conflicting views
of ungulate management in North
America’s western national parks.
Wildlife Soc. Bull. 26(3): 369-371.

National Research Council. 2002.
Ecological Dynamics on Yellowstone's
Northern Range. Washington: National
Academy Press.

Yellowstone National Park 1997.
Yellowstone’s Northern Range:
Complexity and Change in a Wildland
Ecosystem. NPS: Mammoth, WY.

For More
Information

Yellowstone Resources
& Issues 2010

195



For More
Information

Yellowstone Resources
& Issues 2010

196

Sustainability

Staff reviewers: Jim Evanoff, Mary
Murphy

www.nps.gov/yell

www.ypf.org

Wilderness

Staff reviewers: lvan Kowski,
Backcountry Program Manager; Dan
Reinhart, Supervisory Resource Mgt.
Specialist

www.wilderness.nps.gov
www.wilderness.net

www.LNT.org

National Park Service. 1972. Wilderness
Recommendation: Yellowstone National
Park.

National Park Service. 2003. NPS Annual
Wilderness Report 2002-2003.

Wilderness Act of 1964. U.S. Code, 16:
1131-1136.

Wilderness Preservation and Manage-
ment: NPS Reference Manual 41. www.
nps.gov/policy/DOrders/RM41.doc

Winter Use

Staff reviewer: Kevin Franken, Outdoor

Recreation Planner

Bissegger, Jeffrey. 2005. Snowmobiles
in Yellowstone: Conflicting Priorities
in Setting National Parks Policy and
the Paradox of Judicial Activism
for Recreational Business. J Land,
Resources, & Enviro. Law. 25:109-118.

Borkowski, J.J. et al. 2006. Wildlife
responses to motorized winter recre-
ation in Yellowstone National Park. Ecol.
App. 16:1911-1925.

Borrie, William T. et al. 2002. Winter
Visitors to Yellowstone National Park:
Their Value Orientations and Support
for Management Actions. Human
Ecology Review. 9:41-48.

Bruggerman, J.E. et al. 2006. Temporal
variability in winter travel patterns of
Yellowstone bison: the effects of road

grooming. Ecol. App. 16:1539-1554.

Creel, S. et al. 2002. Snowmobile activ-
ity and glucorticoid stress responses in
wolves and elk. Cons Biol. 16:809-814.

Dustin, Daniel L. and Ingrid E. Schneider.
2005. The Science of Politics/The
Politics of Science: Examining the
Snowmobile Controversy in Yellowstone
National Park. Environmental Mgt.
34:761-767.

Layzer, Judith. 2006. The Environmental
Case: Translating Values into Policy.
Washington: CQ Press.

Yochim, Michael J. 2009. Yellowstone
and the Snowmobile: Locking Horns
over National Park Use. Lawrence:
UPress Kansas.

Wolf Restoration

Staff reviewer: Douglas W. Smith,

Senior Wildlife Biologist

Bangs, E. E., and S. H. Fritts. 1996.
Reintroducing the gray wolf to central
Idaho and YNP. Wildlife Soc. Bull.
24(3):402-413.

Bangs, Edward et al. 2001. Gray wolf
restoration in the northwestern U.S.
Endangered Species Update. 18(4):147-
152.

Carbyn, Ludwig et al. 1995. Ecology and
Conservation of Wolves in a Changing
World. Edmonton: U. Alberta.

Creel, S. et al. 2002. Snowmobile activity
and glucocorticoid stress responses in
wolves and elk. Cons. Biology. 16(3):
809-814.

Eberhardt, L.L. et al. 2003. Assessing the
impact of wolves on ungulate prey.
Ecol. App. 13(3): 776-783.

Ferguson, Gary. 1996. The Yellowstone
Wolves: The First Year. Helena, MT:
Falcon Press.

Fischer, Hank. 1995. Wolf Wars. Helena,
MT: Falcon Press.

Fritts, S.H. 2000. Review of Carnivores
in Ecosystems: the Yellowstone
Experience. Ecology. 81(8): 2351-2352.

Gunther, K. A. and D.W. Smith. 2004.
Interactions between wolves and female
grizzly bears with cubs in YNP. Ursus.
15(2):232-238.

Halfpenny, James C. 2003. Yellowstone
Wolves: In the Wild. Helena, MT:
Riverbend Press

Kauffman, M.J. et al. 2007. Landscape
heterogeneity shapes predation in a
newly restored predator-prey system.
Ecology Letters. 10:1-11.

Lopez, Barry. 1978, 2004. Of Wolves and
Men. New York: Scribners.

MacNulty, D.R. and L.D. Mech, D.W.
Smith. 2007. A proposed ethogram
of large-carnivore predatory behavior,
exemplified by the wolf. J Mammalogy.
88:595-605.

MacNulty, D.R. et al. 2001. Grizzly bear
usurps bison calf captured by wolves in
YNP. Can. Field Nat. 115:495-498.

Mclntyre, Rick, ed. 1995. War against
the Wolf: America’s Campaign to
Exterminate the Wolf. Stillwater, MN:
Voyageur Press.

Mclntyre, Rick. 1993. A Society of
Wolves: National Parks and the Battle
over the Wolf. Stillwater, MN: Voyageur.

Mech, L. David et al. 2001. Winter sever-
ity and wolf predation on a formerly
wolf-free elk herd. J. Wildlife Mgt.
65(4):998-1003.

Peterson, R.O. et al. 2002. Leadership
behavior in relation to dominance and
reproductive status in gray wolves,
Canis lupus. Can. J. Zool. 80:1405-

1412.

Phillips, Michael K. and Douglas W.
Smith. 1998. Gray wolves and private
landowners in the GYA. Trans. 63rd
North American Wildlife and Natural
Resources Conference.

Phillips, Michael K. and Douglas
W. Smith. 1996. The Wolves of
Yellowstone. Stillwater, MN: Voyageur
Press.

Ruth, TK. 2000. Cougar-wolf interac-
tions in Yellowstone National Park:
Competition, demographics, and spatial
relationships. Wildlife Conservation
Society. August:1-28.

Smith, D. W. 2005. Meet five, nine, and
fourteen: Yellowstone's heroine wolves.
Wildlife Conservation. 108(1):28-33.

Smith, D.W. 2005. Ten years of
Yellowstone Wolves. Yellowstone
Science. 13(1):7-33.

Smith, D.W. and Gary Ferguson. 2005.
Decade of the Wolf: Returning the Wild
to Yellowstone. Guilford, CT: Lyons

Smith, Douglas and Michael K. Phillips.
2000. Northern Rocky Mountain wolf in
Endangered Animals. Greenwood Press.

Smith, Douglas et al. Yellowstone Wolf
Project Annual Report. Annual.

Smith, Douglas et al. 2004. Winter prey
selection and estimation of wolf kill
rates in YNP. J Wildlife Mgt. 68(1):
153-166.

Smith, Douglas et al. 2003. Yellowstone
after wolves. BioScience. April, 53(4):
330-340.

Smith, Douglas et al. 2001. Killing of a
bison calf by a wolf and four coyotes in
YNP. Can. Field Nat. 115(2): 343-345.

Smith, Douglas et al. 2000. Wolf-bison
interactions in YNP. J Mammalogy.
81(4): 1128-1135.

Smith, Douglas et al. 1999. Wolves in the
GYE: Restoration of a top carnivore in a
complex management environment in
Carnivores in Ecosystems. New Haven:
Yale U. Press.

Stahler, Daniel R. et al. 2002. The
acceptance of a new breeding male
into a wild wolf pack. Can. J. Zool.
80:360-365.

U.S. Fish and Wildlife Service. 1994. Final
EIS: The Reintroduction of Gray Wolves
to YNP and Central Idaho.

Varley, John D. and Paul Schullery. 1992.
Wolves for Yellowstone? A Report to
the United States Congress.

VonHoldt, B.M. et al. 2008. The genealo-
gy and genetic viability of reintroduced
Yellowstone grey wolves. Molecular
Ecology. 17:252-274.

Wright, G.J. et al. 2006. Selection
of northern Yellowstone elk by
gray wolves and hunters. J Wildlife
Management. 70:1070-1078.



